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(57) ABSTRACT 

Modified polybutadiene having a high-cis and low-trans 
structure with a moderate 1,2-structure content and exhib- 
iting improved characteristics such as cold flow properties, 
which is obtained by modifying starting polybutadiene hav- 
ing a Tcp/ML 1+4 ratio (Tcp: 5% toluene solution viscosity at 
25° C.ML 1+4 : Mooncy viscosity at 100° C.) of 2.5 or more 
in the presence of a transition metal catalyst. 

6 Claims, No Drawings 



US 6,664,347 B2 
1 2 

POLYBUTADIENE AND PROCESS FOR ence of a transition metal catalyst, the starting polybutadiene 

PRODUCING THE SAME having a Tcp/ML 1+/| ratio, wherein Tcp is a 5% toluene 

solution viscosity at 25° C, and ML J+4 is a Mooney 
ITris application is a division of application Ser. No. viscosity at 100° C, of 2.5 or more. 
09/875,052, filed on Jun. 7, 2001, the entire contents of 5 The present invention also provides the following pro- 
which are hereby incorporated by reference ABANDONED. cesses for the production of the modified polybutadiene 



BACKGROUND OF THE INVENTION 



described above: 

(1) A process comprising preparing starting polybutadiene 

1. Field of the Invention having a Tcp/ML 1+4 ratio of 2.5 or more by using a 
The present invention relates to polybutadiene having a 10 catalyst system comprising (A) a metallocene type corn- 
controlled microslruclure and a controlled linearity and lo a plex of a transition metal and (B) at least one of (Bl) an 
process of producing the same. ionic compound composed of a non-coordinating anion 

2. Description of the Related Art and a cation and (B2) an aluminoxane and modifying the 
Polybutadiene has such a microstructure in which a starting polybutadiene by addition of a transition metal 

structural unit produced by polymerization at the 1- and 15 catalyst. 

4-positions (1,4-stnicture) and a structural unit produced by < 2 ) A P rocess comprising preparing starting polybutadiene 
polymerization at the 1- and 2-positions (1,2-structure) are having a Tcp/ML 1+4 ratio of 2.5 or more by using a 
co-present in the molecular chain. The 1,4-slruclure is catalyst system comprising (A) a metallocene type corn- 
divided into a cis-structure and a trans-structure. The 1,2- P Iex of a transition metal, (Bl) an ionic compound 
structure has a vinyl group as a side chain. 20 composed of a non-coordinating anion and a cation, (C) 

It is known that the microstructure of polybutadiene * n ojp«™eUllic compound of an element of the group 

varies depending on the polymerization catalyst used, and \ {0 3 ot . the Pe ™ d,c Table ' and < D > water and ™ dif y in g 

polybutadiene species having different microstructurcs find the f Tim f P^^d.ene "y addiHon of a transition 

their respective uses according to their characteristics. 25 m catalvsl - 

In particular, polybutadiene having high molecular lin- DETAILED DESCRIPTION OF THE 

earity is excellent in abrasion resistance, heal generation INVENTION 

resistance and impact resilience. Molecular linearity of a , ru , . , ( ... , , . 

. _ i , i u -r /kai ■ . Ine starting polybutadiene which can be used in the 

polymer can be represented by lep/ML,. 4 , wherein I cp is a . • f - u 10 * * , , ca* o™/ 

?tt i A i.,*n. »\*m,\L Jn^ n i ■ present invention has a 1,2-structure content of 4 to 30%, 

5% toluene solution viscosity at 25 C, and ML 1+4 is a ™ „„fu„ k ,„ ^ , «•„ f M 7( 1W - A 

w • ir w> o ~r ..Li r preferably 5 to 25%, still preferably 7 to 15%; a cis-1,4- 

Mooney viscosity at 100 C. Tcp represents the degree of * * p <c ♦ rico/ / it ^ / nc«/ In 

molecular entanglement in a thick solution. The greater the C ° 7 f * fJ/ { ° 95/ °> 7 ,° t0 95 °f ' f 1 

Tcp/ML 1+ , ratio, the higher the linearity with a smaller P* fcrabl y J° * 92 %; and a trans- 1,4-structure content of 

degree of branching. not more tban 5% ' P referabl y 4 5% or less » stl11 preferably 



The present inventors previously discovered that a polyb- 35 
utadiene having a high cis-/low trans-structure with a mod- 
erate 1 ,2-structure content and a high molecular linearity can 



0.5 to 4%. 

If the microstructure of the starting polybutadiene is 
outside the above defined range, the modified polybutadiene 
derived therefrom leaves something to be desired in reac- 



be produced by using a polymerization catalyst compris.ng — „ ^^^",^2 

a metallocene type complex of vanadium and an ionic ./ r it i i 

, i r i- i rubbery properties for use a modifier additive, adversely 

compound composed of a non-coordinating anion and a 40 »• t - iU u 1 r ^ ■ \ , , 

t . i f i- .» * « alleeling the balance of physical properties and external 

cation and/or an aluminoxane as disclosed in JP-A-9- a eara Q Ce 0 f matrices 

291108. Having excellent characteristics, this polybutadiene a PP e arance o ma rices. 

is expected for application to high impact polystyrene, tires, The toluene solution viscosity (Tcp) to Mooney viscosity 

etc. but, because of its relatively high cold flow, improve- at 100 C ( ML i + 4) ratio, Tcp/ML 1+ „ of the starting polyb- 

ment is required for storage or transportation in some 45 utadlcnc ^ 2.5 or more, preferably 3 to 5. 

applications. 11 * s preferred for the starting polybutadiene to have a 

On the other hand, JP-A-5-52406 discloses a process of toluene solution viscosity (Tcp) ranging from 25 to 600, 

producing a conjugated diene having a branched structure, Particularly 60 to 300, and a Mooney viscosity at 100° C. 

which comprises polymerizing a conjugated diene in the ( ML i + <) ra^g from 10 to 200, particularly 25 to 100. 

presence of a composite catalyst composed of an organic 50 The molecular weight of the starting polybutadiene is 

compound of a rare earth element, an organoaluminum preferably such that the intrinsic viscosity [r|] as measured 

compound, and a halogen-containing Lewis acid and adding in toluene at 30° C. is 0.1 to 10, particularly 1 to 3. On 

a coupling agent such as an ester of a carboxylic acid with polystyrene conversion, the molecular weight corresponds 

an alcohol or a phenol. t0 a number average molecular weight (Mn) of 0.2xl0 5 to 

JP-A-8-208751 teaches that treatment of diene rubber 55 10x10 s , preferably 0.5x10 s to 5xl0\ and a weight average 

obtained by polymerization using a neodymium catalyst molecular weight (Mw) of 0.5x10 to 20xl0 5 , preferably 

with a chlorinated sulfur compound brings about improve- 1x10 t0 10x10 ■ A preferred molecular weight distribution 

ments on cold flow properties and smell of rubber. in terms of Mw/Mn is 1 5 or S reater > particularly 1 .6 to 10, 



SUMMARY OF THE INVENTION 



especially 1 .8 to 5. 

60 The starting polybutadiene can be prepared by, for 

An object of the present invention is to provide polyb- example, polymerizing butadiene in the presence of a cata- 

utadicne having a high-cis and low-trans structure with a lyst system comprising (A) a metallocene type complex of 

moderate 1,2-structure content and exhibiting improved a transition metal and (B) an ionic compound composed of 

characteristics such as cold flow properties and a process for a non-coordinating anion and a cation and/or an aluminox- 

producing the same. 65 ane. 

The present invention provides modified polybutadiene The starting polybutadiene can also be prepared by poly- 
obtained by modifying starting polybutadiene in the pres- merizing butadiene in the presence of a catalyst system 
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comprising (A) a metallocene type complex of a transition 
metal, (Bl) an ionic compound composed of a non- 
coordinating anion and a cation, (C) an organometallic 
compound of an element of the group 1 to 3 of the Periodic 
Tabic, and (D) water. 

The metallocene type complex of a transition metal as 
component (A) includes metallocene type complexes of 
transition metals of the groups 4 to 8 of the Periodic Table, 
such as the group 4 transition metals (e.g., titanium and 
zirconium), the group 5 transition metals (e.g., vanadium, 
niobium or tantalum), the group 6 transition metals (e.g., 
chromium), and the group 8 transition metals (e.g., cobalt or 
nickel). CpTiCI 3 (Cp: cyclopentadienyl) can be mentioned 
as an example of the group 4 transition metal metallocene 
type complex. 

Inter alia, metallocene type complexes of the group 5 
transition metals are suitable, including the compounds 
represented by formulae (1) to (6) shown below: 



RM.T. B 


0) 




(2) 


R„MX,. fl .L„ 


(3) 


RMX 3 .L a 


(4) 


RM(0)X 7 .L„ 


(5) 


R„MX. V „(NR') 


(6) 



wherein n is 1 or 2; and a is 0, 1 or 2. 

Preferred of these compounds are RM-L a , RMX 3 -L (I , and 
RM(0)X 2 L„. 

In the formulae, M represents a transition metal of the 
group 5 of the Periodic Table, such as vanadium (V), 
niobium (Nb) or tantalum (Ta), with vanadium being pre- 
ferred. 

R represents a cyclopentadienyl group, a substituted 
cyclopentadienyl group, an indenyl group, a substituted 
indenyl group, a fluorenyl group or a substituted fluorenyl 
group. 

The substituent in the substituted cyclopentadienyl group, 
the substituted indenyl group and the substituted lluorenyl 
group includes a straight-chain or branched aliphatic hydro- 
carbon group such as methyl, ethyl, propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, t-butyl and hexyl; an aromatic 
hydrocarbon group such as phenyl, tolyl, naphlhyl and 
benzyl; and a silicon-containing hydrocarbon group such as 
trimethylsilyl. The substituted cyclopentadienyl group fur- 
ther includes those having a cyclopentadienyl ring con- 
nected to part of X through a crosslinking group such as 
dimethylsilyl, dimethylmethylene, methylphenylmethylene, 
diphcnylmcthylene, ethylene or substituted ethylene. 

X represents a hydrogen atom, a halogen atom, a hydro- 
carbon group having 1 to 20 carbon atoms, an alkoxy group 
or an amino group. X's may be the same or different. 

The halogen atom includes a fluorine atom, a chlorine 
atom, a bromine atom, and an iodine atom. 

The hydrocarbon group having 1 to 20 carbon atoms 
includes a straight-chain or branched aliphatic hydrocarbon 
group such as methyl, ethyl and propyl; an aromatic hydro- 
carbon group such as phenyl, tolyl, naphthyl and benzyl; and 
a silicon-containing hydrocarbon group such as trimethyl- 
silyl. Preferred of them are methyl, benzyl, and trimethyl- 
silylmethyl. 

The alkoxy group includes methoxy, ethoxy, phenoxy, 
propoxy, butoxy, amyloxy, hexyloxy, octyloxy, 
2-ethylhexyloxy, and thiomelhoxy. 
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Examples of the amino group are dimethylamino, 
diethylamido, diisopropylamino, and bistrimethylsily- 
lamino. 

X preferably represents a hydrogen atom, a fluorine atom, 
5 a chlorine atom, a bromine atom, a methyl group, an ethyl 
group, a methoxy group, an ethoxy group, a dimethylamino 
group, a dielhylamino group, or a bistrimethylsilylamino 
group. 

T. represents a Lewis basic compound, i.e., a general 
10 organic or inorganic compound exhibiting I.ewis basicity 
that can coordinate to metal. Compounds free of active 
hydrogen are preferred. Examples of such compounds are 
ethers, esters, ketones, amines, phosphines, silyloxy 
compounds, olefins, dienes, aromatic compounds, and 
15 alkynes. 

NR' represents an imido group, wherein R' is a hydrocar- 
bon substituent having 1 to 25 carbon atoms. Examples of R' 
include straight-chain or branched aliphatic hydrocarbon 
groups such as methyl, ethyl, propyl, isopropyl, n-butyl, 

20 isobutyl, sec-butyl, t-bulyl, hexyl, octyl, and neopentyl; 
aromatic hydrocarbon groups such as phenyl, tolyl, 
naphthyl, benzyl, 1-phcnylethyl, 2-phenyl-2-propyI, 2,6- 
dimethylphenyl, and 3,4-dimethylphenyl; and silicon- 
containing hydrocarbon groups such as trimethylsilyl. 

25 Of the metallocene type complexes of the group 5 tran- 
sition metals particularly preferred are vanadium com- 
pounds (M=V), such as RV-L„, RVXL fl , R 2 V L fl , 
RVXvL fl) R 2 VXL fl , RVX 3 -L„, RV(0)X 2 L„, and the like. 
RV-L„, RVX 3 L„, and RV(0)X 2 L„ are especially preferred. 

30 Specific examples of the compound represented by 
RMX 3 -L 0 include the following compound groups (i) to 
(xvi): 

(i) Cyclopentadienylvanadium trichloride and mono- 
substituted cyclopentadienylvanadium trichloride, such as 

35 methylcyclopentadienylvanadium trichloride, ethylcyclo- 
pentadienylvanadium trichloride, propylcyclopentadi- 
enylvanadium trichloride, and isopropylcyclopentadi- 
enylvanadium trichloride. 

(ii) 1,2-Disubstituted cyclopentadienylvanadium trichloride, 
40 e.g., (l,2-dimethylcyclopentadienyl)vanadium trichlo- 
ride. 

(iia) 1,3-Disubstiluled cyclopentadienylvanadium 
trichloride, e.g., (1 ,3-dimethylcyclopentadienyl) 
vanadium trichloride. 
45 (iii) 1,2,3-Trisubstituted cyclopentadienylvanadium 
trichloride, e.g., (1,2,3-trimethylcyclopentadienyl) 
vanadium trichloride. 

(iv) 1,2,4-Trisubstiluted cyclopentadienylvanadium 
trichloride, e.g., (1,2,4-trimethylcyclopentadienyl) 

50 vanadium trichloride. 

(v) Tetrasubstituted cyclopentadienylvanadium trichloride, 
e.g., (l,2,3,4-tctramcthylcyclopentadicnyl)vanadium 
trichloride. 

(vi) Pentasubstiluted cyclopentadienylvanadium trichloride, 
55 such as (pentamethylcyclopentadienyl)vanadium trichlo- 
ride. 

(vii) Indenylvanadium trichloride. 

(viii) Substituted indenylvanadium trichloride, such as 
( 2-methy lindenyl)vanadium trichloride . 

60 (ix) The compounds (i) to (viii) with one to three of the 
chlorine atoms displaced with an alkoxy group(s) (i.e., 
monoalkoxides, dialkoxides, trialkoxides), such as cyclo- 
pentadienylvanadium tri(t-butoxide), cyclopentadienyl- 
vanadium tri(isopropoxide), and cyclopentadienylvana- 

65 dium dimethoxychloride. 

(x) The compounds (i) to (ix) with the chlorine atom(s) 
substituted with a methyl group(s). 
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(xi) Compounds in which R and X are bonded via a Of the ionic compounds, preferred are triphenylcar- 
hydro carbon group or a silyl group, such as bonium tetrakis(pentafluorophenyl)borate, triphenylcar- 
(t-butylamido)dimethylsilyI(r| 5 -cyclopentadienyl) bonium tetrakis(fluorophenyl)borate, N,N- 
vanadium dichloride. dimethylanilinium tetrakis(pentafluorophenyl)borate, and 

(xii) The compounds (xi) with their chlorine atom(s) dis- 5 l,l'-dimcthylfcrrocenium tctrakis(pcntafiuorophenyl) 
placed with a methyl group(s). borate. These ionic compounds may be used cither individu- 

(xiii) The compounds (xi) with their chlorine atoms(s) ally or as a combination of two or more thereof, 
displaced with an alkoxy group(s). An aluminoxane (B2) as component (B) is a compound 

(xiv) The monochlon'de compounds of the compounds (xiii) obtained by bringing an organoaluminum compound into 
with the chlorine atom displaced with a methyl group. io contact with a condensing agent and includes an acyclic 

(xv) The compounds (i) to (viii) with their chlorine atom(s) aluminoxane represented by formula ( — A1(R')0 — )„ and a 
displaced with an amido group(s), such as cyclic aluminoxane, wherein R' represents a hydrocarbon 
cyclopentadienyltris(diethylamido)vanadium and group having 1 to 10 carbon atoms, part of which may be 
cyclopentadienyltris(isopropylamido)vanadium. substituted with a halogen atom and/or an alkoxy group; and 

(xvi) The compounds (xv) with their chlorine atom dis- 15 n represents a degree of polymerization of 5 or more, 
placed with a methyl group. Specific examples of RM(O) preferably 10 or more). R' preferably represents a methyl, 
X 2 include the following compound groups (xvii) to (xx): ethyl, propyl or isobutyl group, with a methyl group being 

(xvii) Cyclopentadienyloxovanadium dichloride and substi- preferred. The organoaluminum compound which can be 
tuted cyclopentadienyloxyvanadium dichloride, such as used as a starting material of the aluminoxane includes 
methylcyclopentadienyloxovanadium dichloride, benzyl- 20 trialkylaluminum compounds, e.g., trimethylaluminum, 
cyclopentadienyloxovanadium dichloride, and (1,3- tricthylaluminum, and triisobutylaluminum, and mixtures 
dimcthylcyclopcntadicnyl)oxovanadium dichloride. thereof. An aluminoxane obtained from a mixture of trim- 
Methylated compounds derived from these compounds by ethylaluminum and tributylaluminum is suitable as compo- 
displacing the chlorine atom(s) with a methyl group(s) are nent (B2). 

also included under this group. 25 The condensing agent is typically water. In addition, 

(xviii) Compounds in which R and X are bonded via a arbitrary condensing agents causing a trialkylaluminum to 
hydrocarbon group or a silyl group, such as amidochlo- condense, such as adsorbed water of an inorganic substance 
ride compounds, e.g., (t-butylamido)dimethylsilyl(r| ,5 - or a diol, can also be used. 

cyclopentadienyloxovanadium chloride. Methylated In the present invention, polymerization of butadiene can 

compounds derived from these compounds by displacing 30 be carried out in the presence of (C) an organometallic 

the chlorine atom(s) with a methyl group(s) are also compound of the group 1 to 3 element of the Periodic Table 

included under this group. in combination with components (A) and (B). Addition of 

(xix) Compounds in which at least one of X's is an alkoxy component (C) is effective in increasing the polymerization 
group, such as cyclopentadienyloxovanadium dimethox- activity of the catalyst system. The organometallic com- 
ide and cyclopentadienyloxovanadium di(isopropoxide). 35 pound of the group 1 to 3 element includes organoaluminum 
Monochloride compounds of these alkoxide compounds compounds, organolithium compounds, organomagnesium 
can have the chlorine atom displaced with a methyl group. compounds, organozinc compounds and organoboron com- 

(xx) Compounds in which X is an amido group, such as pounds. 
(cyclopentadienyl)bis(diethylamido)oxovanadium. Examples of the organometallic compound as component 
Of component (B) which constitutes the polymerization 40 (C) are methyllithium, butyllithium, phenyllithium, bistrim- 

catalyst, the ionic compound (Bl) is composed of a non- ethylsilylmethyl lithium, dibu tylmagnesiu m , 

coordinating anion and a cation. The non-coordinating anion dihexylmagnesium, dielhylzinc, trimethylaluminum, 

includes tetraphenylborale, letra(lluorophenyl)borale, Iriethylaluminum, triisobutylaluminum, boron trilluoride, 

lelrakis(dilluorophenyl)borale, lelrakis(lrilluorophenyl) and triphenylboron. 

borate, letrakis(tetrafluorophenyl)borate, and tetrakis 45 Further, organic metal halides, such as ethylmagnesium 

(pentafluorophenyl)borate. chloride, dimethylaluminum chloride, diethylaluminum 

The cation includes a carbonium cation, an oxonium chloride, sesquiethylaluminum chloride, and ethylaluminum 

cation, an ammonium cation, a phosphonium cation, a dichloride; and organic metal hydrides, such as diethylalu- 

cycloheptyltrienyl cation, and a ferrocenium cation having a minum hydride and sesquiethylaluminum hydride, are also 

transition metal. 50 useful as component (C). These organometallic compounds 

Examples of the carbonium cation include tri -substituted may be used either individually or as a combination of two 

carbonium cations, e.g., a triphenylcarbonium cation and a or more thereof. 

tri(substitutcd phcnyl)carbonium cation (e.g., a tri A preferred catalyst system comprises (A) RMX 3 , e.g., 

(methylphenyl)carbonium cation and a tri(dimethylphenyl) cyclopentadienylvanadium trichloride (CpVCl 3 ), or RM(O) 

carbonium cation. 55 X 2 , e.g., cyclopentadienyloxovanadium dichloride (CpV(0) 

Examples of the ammonium cation include trialkylam- Cl 2 ), (B) triphenylcarbonium tetrakis(pentafTuorophenyl) 

monium cations, e.g., a trimethylaammonium cation, a tri- borate and (C) a trialkylaluminum, e.g., iriethylaluminum. 

ethylammonium cation, a tripropylammonium cation, a Where an ionic compound is used as component (B), the 

Iributylammonium cation, and a tri(n-bulyl)ammonium cat- above-described aluminoxane may be used as component 

ion; N,N-dialkylanilinium cations, e.g., an N,N- 60 (C) in combination. 

dimethylanilinium cation and an N,N-diethyIanilinium cat- While the ratio of the catalyst components varies depend- 

ion; and dialkylammonium cations, e.g., a ing on various conditions and their combination, a preferred 

diisopropylammonium cation. molar ratio of the aluminoxane as component (B) to the 

Examples of the phosphonium cation include triarylphos- metallocene type complex as component (A), (B)/(A), is 1 to 

phonium cations, e.g., a triphenylphosphonium cation. 65 100000, particularly 10 to 10000; a preferred molar ratio of 

These non-coordinating anions and cations are combined the ionic compound as component (B) to component (A), 

arbitrarily to provide an appropriate ionic compound. (B)/(A), is 0.1 to 10, particularly 0.5 to 5; and a preferred 
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molar ratio of component (C) to component (A), (C)/(A), is The transition metal compound of the transition metal 

0. 1 to 10000, particularly 10 to 1000. catalyst includes titanium compounds, zirconium 
It is preferred for the catalyst system to further comprise compounds, vanadium compounds, chromium compounds, 

water as component (D). A preferred component (C) to manganese compounds, iron compounds, ruthenium 

component (D) molar ratio, (C)/(D), is 0.66 to 5, particularly 5 compounds, cobalt compounds, nickel compounds, palla- 

' Jf° " " , ... . dium compounds, copper compounds, silver compounds, 

The order of adding the catalyst components is not anc , zinc compmlndS; with cobalt compounds being pre- 

particularly restricted. ferred 

Jl^' ° S , en ™ y - b h £ , PreSe ?V n the P 0l y meriza , ,i01 l The cobalt compounds preferably include salts or com- 

system for molecular weight regulation. The amount of t , . u * , , 1 , J e t . . w 14 

hydrogen that can be present is preferably not more than 500 10 ple u X f of ™ b f< Suitable examples of the cobalt salts are 

mmol, still preferably 50 mmol or less, per mole of cobalt chl ™ de > cobalt bromide, cobalt nitrate, cobalt 

butadiene, or preferably not more than 12 liters, still pref- °ctylale, cobalt naphthenate, cobalt versatate, cobalt acetate, 

erably 1.2 liter or less, at 20° C. and 1 atm., per mole of and cobalt malonate. Suitable examples of the cobalt com- 

buladicnc. plexes are bisacetylacetonato cobalt, 

It may be either a part of, or the whole of, butadiene to be 15 trisacetylacetonatocobalt, bis(ethyl acetoacetato)cobalt, an 

polymerized that is added in the polymerization stage before organic base complex of halogenated cobalt, such as a 

addition of a transition metal catalyst for modification. In the triarylphosphine complex, a trialkylphosphine complex, a 

former case, a mixture of the above-described catalyst pyridine complex and a picoline complex, and an ethyl 

components can be mixed into the rest of the butadiene alcohol complex of halogenated cobalt, 

monomer or butadiene monomer solution. The rest of the 20 Preferred of these cobalt compounds are cobalt octylate, 

butadiene monomer or butadiene monomer solution is added cobalt naphthenate, cobalt versatate, 

after completion of this stage of polymerization and before bisacctylacctonatocobalt, and trisacetylacctonatccoball. 

or after addition of a transition metal catalyst hereinafter The organoaluminum compound of the transition metal 

described. catalyst includes trialkylaluminums, such as 

Butadiene as a monomer can be used in combination with 25 trimethylaluminum, triethylaluminum, triisobutylaluminum, 

a minor proportion of other monomers. Examples of the trihexylaluminum, trioctyl aluminum, and tridecylalumi- 

other monomers that can be used in combination include num; dialkylaluminum halides, such as dimethylaluminum 

other conjugated dienes such as isoprene, 1,3-pentadiene, chloride, dimethylaluminum bromide, diethylaluminum 

2-ethyl-l,3-butadiene, 2,3-dimethylbutadiene, chloride, diethylaluminum bromide, diethylaluminum 

2-methylpentadiene, 4-methylpenladiene, and 2,4- 30 iodide, dibutylaluminum chloride, dibutylaluminum 

hexadiene; acyclic monoolefins, e.g., ethylene, propylene, bromide, and dibutylaluminum iodide; alkylaluminum 

butene-1, butene-2, isobutene, pentene-1, 4-methylpentene- sesquihalides, such as methylaluminum sesquichloride, 

1, hexene-1, and octene-1; cyclic monoolefins, e.g., methylaluminum sesquibromide, ethylaluminum 
cyclopentene, cyclohexene, and norbornene; aromatic vinyl sesquichloride, and ethylaluminum sesquibromide; and 
compounds, e.g., styrene and ct-methylstyrene; and non- 35 monoalkylaluminum halides, such as methylaluminum 
conjugated diolefins, e.g., dicyclopentadiene, 5-ethylidene- dichloride, methylaluminum dibromide, ethylaluminum 
2-norbornene, and 1,5-hexadiene. dichloride, ethylaluminum dibromide, butylaluminum 

The polymerization method is not particularly limited, dichloride, and butylaluminum dibromide. These aluminum 

and solution polymerization, bulk polymerization, and the compounds can be used either individually or as a mixture 

like can be adopted. In bulk polymerization, 1,3-butadiene 40 of two or more thereof. Diethylaluminum chloride is par- 

also serves as a polymerization solvent. Useful solvents for ticularly preferred of them. 

solution polymerization include aromatic hydrocarbons, While the amount of the transition metal compound, such 

e.g., toluene, benzene, and xylene; aliphatic hydrocarbons, as the cobalt compound, to be used is subject to variation in 

e.g., n-hexane, butane, heptane, and penlane; alicyclic a broad range according to a desired degree of branching, it 

hydrocarbons, e.g., cyclopenlane and cyclohexane; olefinic 45 is preferably from lxl0~ 7 to lxlO" 3 mol, particularly 

hydrocarbons, e.g., 1-butene and 2-butene; hydrocarbon 5xl0~ 7 to lxlO -4 mol, per mol of butadiene existing at the 

solvents, such as mineral spirit, solvent naphtha and kero- modifying reaction. 

sine; and halogenated hydrocarbons, e.g., methylene chlo- The amount of the organoaluminum compound to be used 

ride. is also subject to variation in a broad range according to a 

In the present invention, it is preferred that the monomer 50 desired degree of branching but is preferably from lxlO" 5 to 

be preliminarily polymerized at a prescribed temperature in 5xl0~ 2 mol, particularly 5xl0~ 5 to lxi0~ 2 mol, per mole of 

the presence of the above-described catalyst. Preliminary butadiene existing at the modifying reaction, 

polymerization is carried out by gas phase polymerization, Water is used in any amount according to a desired degree 

solution polymerization, slurry polymerization, bulk of branching. It is preferably added in an amount not more 

polymerization, and the like. The solid or solution obtained 55 than 1.5 mol, particularly 1 mol or less, per mole of the 

by the preliminary polymerization is then subjected to main organoaluminum compound. 

polymerization either after once isolated or as produced. After polymerization is carried out for a prescribed period 

The polymerization is preferably carried out at -100 to of time, an inhibitor, such as an alcohol, is added to the 

200° C, particularly -50 to 120° C, for 2 minutes to 12 reaction system to cease the polymerization. If necessary, 

hours, particularly 5 minutes to 6 hours. 60 the pressure in the polymerization lank is liberated. The 

After the reaction accomplishes a predetermined poly- resulting modified polybutadiene is worked up by washing, 

merization ratio, a transition metal catalyst is added to the drying, and the like. 

reaction system thereby to modify the polymer chain. The modified polybutadiene according to the present 

The transition metal catalyst which can be used in the invention desirably has a Tcp/ML 1+4 ratio of 3 or less, more 

present invention is preferably a system comprising (1) a 65 desirably 0.9 to 3, most desirably 1.2 to 2.5. 

transition metal compound, (2) an organoaluminum com- The modified polybutadiene preferably has a Tcp of 30 to 

pound and (3) water. 300, particularly 45 to 200. The modified polybutadiene 
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preferably has an ML 1+ ,, (100° C.) of 10 to 200, particularly allowed to react at 40° C for 10 minutes. After the reaction, 

25 to 100. The modified polybutadiene preferably has a cold ethanol containing 2,6-di-t-butyl-p-cresol was added to 

flow rate (CF) less than 20 mg/min, particularly less than 15 cease the reaction, and the solvent was removed by evapo- 

mg/min. ration to give modified polybutadiene. The polymerization 

The present invention will now be illustrated in greater 5 results arc shown in Tables 1 and 2. 
detail with reference to Examples, but it should be under- 
stood that the invention is not construed as being limited EXAMPLE 2 
thereto. The microstore intrinsic viscosity [r)], toluene Preparation of Modified Polybutadiene 
solution viscosity (Tcp), Mooney viscosity (ML 1+4 , 100° 1 J 
C), and cold flow rate (CF) of polybutadiene were measured 10 The same procedure of Example 1 was followed, except 
as follows. that the amount of the water-containing toluene (300 mg/1) 

1) Microslruclure added after polymerization was changed to 8.4 ml. The 
The microslruclure of polybutadiene was determined by results of polymerization are shown in Tables 1 and 2. 

calculation from the intensity ratio of absorptions at 740 

cm -3 for cis-l,4-structure, 967 cm -1 for trans-l,4-stmcture 15 EXAMPLE 3 

and 910 cm" ] for 1,2-structure (vinyl) in infrared absorption Preparation of Modified Polybutadiene 

spectroscopy. 

2) Intrinsic Viscosity [tj] ^ e same procedure of Example 1 was followed, except 
Measured at 30° C. in a toluene solution. that 5 $ of water was added after polymerization in place of 

3) j C p 20 the water-containing (300 mg/1) toluene. The results of 
A polymer weighing 2.28 g was dissolved in 50 ml of * polymerization are shown in Tables 1 and 2. 

toluene, and the viscosity of the toluene solution was mca- EXAMPLE 4 
sured with a Canon Fenske viscometer No. 400 at 25° C. A 

viscometer-correction standard liquid specified in JIS Z8809 Preparation of Modified Polybutadiene 

was used as a reference solution. 2s ^ , ^ , A c „ , 

4) MT 100° C Same P rocedure °* Example 1 was followed, except 
\/i !™ a ■ "a -,u ho ,^,nn tnat 1 0 / d ot water was added arter polymerization in place 
Measured m accordance with .ITS K6300. of lhe Xaier-conUining (300 mg/1) toluene. The results ol 

A , , , . C(x0 , ,. , , polymerization are shown in Tables 1 and 2. 
A polymer, kept at 50 C, was sucked in a glass tube 

having an inner diameter of 6.4 mm by a pressure difference 30 EXAMPLE 5 

of 180 mmHg. The weight of the polymer sucked up was 

divided by 10 minutes to obtain a cold flow rate (CF; Preparation of Modified Polybutadiene 
mg/min). jfc samc procedure of Example 2 was followed, except 
wwthp<;k pyaudt c 1 for cnan ging the modifying reaction time after the polymer- 
tAAM ^ Lt 1 35 i Z ation was changed to 5 minutes. The results of polymer- 
Preparation of Starting Polybutadiene iza,ion are shown in Tables 1 and 2 - 

Into a 1.7-1 autoclave purged with nitrogen were charged EXAMPLE 6 

260 ml of cyclohexane and 140 ml of butadiene and stirred. D f . f K , . n , , , 

To the mixture was added 6 //I of water, followed by stirring 40 Preparation of Modified Polybutadiene 

for 30 minutes. Hydrogen gas was introduced into the The same procedure of Example 3 was followed, except 

autoclave in an amount of 90 ml as measured al 20° C. and for changing the modifying reaction time after the polymer- 

1 atm. wilh an integrating mass How meter. Then 0.36 ml of ization was changed to 5 minutes. The results of polymer- 

a 1 mol/1 toluene solution of trielhylaluminum (TEA). After ization arc shown in Tables 1 and 2. 

3 minutes stirring, 0.4 ml of a 5 mmol/1 toluene solution of 45 fyan/Ipt 

cyclopenladienylvanadium trichloride (CPVC1 3 ) and 1.2 ml EXAMPLE 7 

of a 2.5 mmol/1 toluene solution of triphenylcarbonium Preparation of Modified Polybutadiene 
tetrakis-(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) were 

added thereto in this order to perform polymerization at 40° The sarae Procedure of Example 3 was followed, except 
C. for 30 minutes. After completion of the reaction, ethanol 50 for chan 6 in & the modifying reaction time after the polymer- 
containing 2,6-di-t-butyl-p-cresol was added to stop the ization was changed to 15 minutes. The results of polymer- 
reaction, and the solvent was removed by evaporation to izatl0n are shown in Tables 1 and z 
give 40 g of polybutadiene. The polybutadiene of Synthesis COMPARATIVE EXAMPLE 1 
Example 1 is regarded as a starting polybutadiene in 

Examples 1 to 7 and Comparative Examples 1 and 2. The 55 Preparation of Polybutadiene 

physical properties of the resulting polymer is shown in Butadiens was polymerized in the same manner as in 

Synthesis Example 1 (40° C.x30 min). Without adding 

EXAMPLE 1 anything, the stirring was continued for an additional 10 

minule period (total polymerization time: 40 minutes). The 

Preparation of Modified Polybutadiene 60 results of polymerization are shown in Tables 1 and 2. 

Butadiene was polymerized in the same manner as in COMPARATIVE EXAMPLE 2 
Synthesis Example 1 (40° C.x30 min). To the reaction 

mixture were added 4.2 ml of toluene containing 300 mg/1 Preparation of Polybutadiene 

of water, 4 ml of a 1 mol/1 toluene solution of diethylalu- 65 The procedure of Example 1 was followed, except that 

minum chloride (DEAC), and 2 ml of a 5 mmol/1 toluene cobalt octylate was not added after the polymerization. The 

solution of cobalt octylate (Co(Oct) 2 ), and the system was results of polymerization are shown in Tables 1 and 2. 
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SYNTHESIS EXAMPLE 2 anything, the stirring was continued for an additional 5 

r 4 minute period (total polymerization time: 35 minutes). The 

Preparation of Starling Polybuladiene resulls of polymerization are shown in Tables 3 and 4 . 

Into a 1.7-1 autoclave purged with nitrogen were charged 

260 ml of cyclohexane and 1 40 ml of butadiene and stirred, * SYNTHESIS EXAMPLE 3 
To the mixture was added 6 //l of water, followed by stirring 

for 30 minutes. Hydrogen gas was introduced into the Preparation of Starting Polybutadiene 

autoclave in an amount of 95 ml as measured at 20° C and into a 1.7-1 autoclave purged with nitrogen were charged 

1 atm. with an integrating mass flow meter, I Tien 0.36 ml of 260 ml of cyclohexane and 140 ml of butadiene and stirred, 

a 1 mol/1 toluene solution of triethylaluminum (TEA). After m To the m i xtur e was added 5 pi of water, followed by stirring 

3 minutes stirring, 0.42 ml of a 5 mmol/1 toluene solution of for 30 minutes. Hydrogen gas was introduced into the 

cyclopentadienylvanadium trichloride (CpVCl 3 ) and 1.25 autoclave in an amount of 100 ml as measured at 20° C. and 

ml of a 2.5 mmol/1 toluene solution of triphenylcarbonium i atm . with an integrating mass flow meter. Then 0.36 ml of 

telrakis(pentafluorophenyI)borate (Ph 3 CB(C 6 F 5 ) <1 ) were a i mo l/l toluene solution of triethylaluminum (TEA). After 

added thereto in this order to perform polymerization at 40° 15 3 m j nutes stirring, 0.5 ml of a 5 mmol/1 toluene solution of 

C. for 30 minutes. After the reaction, ethanol containing cyclopentadienylvanadium trichloride (CpVCl 3 ) and 1.5 ml 

2,6-di-t-butyl-p-crcsol was added to stop the reaction, and G f a 2.5 mmol/1 toluene solution of triphenylcarbonium 

the solvent was removed by evaporation to give 41 g of telrakis(pentafluorophenyl)borate (Ph 3 CB(C 6 F 5 ) 4 ) were 

polybutadiene. The physical properties of the resulting poly- a dded thereto in this order to perform polymerization at 40° 

mer are shown in Table 4. The polybutadiene synthesized in 20 c for 30 m j nutes> tne reac tion, ethanol containing 

Synthesis Example 2 is regarded as a starting polybutadiene 2,6-di-t-bulyl-p-cresol was added to stop the reaction, and 

in Examples 8 to 1 1 and Comparative Example 3. the solvent was removed by evaporation to give 40 g of 

EXAMPLE 8 polybuladiene. The physical properties of the resulting 

polybutadiene are shown in Table 6. The resulting polyb- 

Preparation of Modified Polybutadiene 25 utadiene is regarded as a starting polybutadiene in Examples 

12 to 16. 

Butadiene was polymerized in the same manner as in 

Synthesis Example 2 (40° C.x30 min). To the reaction EXAMPLE 12 
mixture were added 8.4 ml of toluene containing 300 mg/1 

of water, 2 ml of a 1 mol/1 toluene solution of diethylalu- 30 Preparation of Modified Polybutadiene 
minum chloride (DEAC), and 1 ml of a 5 mmol/I toluene 

solution of cobalt octylate (Co(Oct) 2 ), and the system was Butadiene was polymerized in the same manner as in 

allowed to react at 40° C. for 5 minutes. After the reaction, Synthesis Example 3 (40° C.x30 mm), except for changing 

ethanol containing 2,6-di-t-bulyl-p-cresol was added to the araount of Mrogen introduced to 115 ml as measured 

cease the reaction, and the solvent was removed by evapo- 35 at 20 C and 1 atm - To the re *ction mixture were added 10 

ration to give modified polybutadiene. The polymerization ml of toluene conla i™g 300 mg/1 of water, 0.2 ml of a 1 

results are shown in Tables 3 and 4. mol/I tolucnc solution of dicthylaluminum chloride 

(DEAC), and 0.5 ml of a 5 mmol/1 toluene solution of cobalt 

EXAMPLE 9 octylate (Co(Oct) 2 ), and the system was allowed to react at 

40° C. for 15 minutes. After the reaction, ethanol containing 

Preparation of Modified Polybutadiene 2,6-di-t-butyl-p-cresol was added to cease the reaction, and 

The same procedure of Example 8 was followed, except tne solvent was removed by evaporation to give modified 

that 5 /d of water was added after polymerization in place of polybutadiene. The polymerization resulls are shown in 

the water-containing (300 mg/1) toluene. The results of Tables 5 and 6. 

polymerization are shown in Tables 3 and 4. 45 



EXAMPLE 10 
Preparation of Modified Polybutadiene 



EXAMPLE 13 
Preparation of Modified Polybutadiene 



EXAMPLE 14 



The same procedure of Example 12 was followed, except 

The same procedure of Example 8 was followed, except ^ for chai iging the amount of hydrogen introduced to 130 ml 

that 8 fd of water was added after polymerization in place of as meaS ured at 20° C. and 1 atm., adding 7 /<1 of water after 

the water-containing (300 mg/1) tolucnc. The results of polymerization in place of the water-containing toluene (300 

polymerization arc shown in Tables 3 and 4. mg/l ^ and chan ging the amount of the toluene solution of 

EXAMPLE 11 DEAC to 0.5 ml. The results of polymerization are shown in 

55 Tables 5 and 6. 

Preparation of Modified Polybutadiene 

1 "he same procedure of Example 9 was followed, except 

for changing the amounts of the toluene solution of diethy- Preparation of Modified Polybutadiene 
laluminum chloride (DEAC) and the toluene solution of 

cobalt octylate (Co(Oct).) to 1 ml and 0.5 ml, respectively. 60 lnl ° a J- 7 " 1 autoclave purged with nitrogen were charged 

The results of polymerization are shown in Tables 3 and 4. 260 ml of cyclohexane and 140 ml of butadiene and stirred. 

To the mixture was added 5 /id of water, followed by stirring 

COMPARATIVE EXAMPLE 3 for 30 minutes. Hydrogen gas was introduced into the 

_ - _ . , autoclave in an amount of 110 ml as measured at 20° C. and 

Preparation of Polybuladiene 65 ± atm wim an integrating mass flow meter Thtn 036 ml of 

Butadiene was polymerized in the same manner as in a 1 mol/1 toluene solution of triethylaluminum (TEA). After 

Synthesis Example 2 (40° C.x30 min). Without adding 3 minutes stirring, 0.5 ml of a 5 mmol/1 toluene solution of 



EXAMPLE 19 
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cyclopentadienylvanadium trichloride (CpVCl 3 ) and 1.5 ml toluene solution of cobalt octylate (Co(Oct) 2 ), and the 

of a 2.5 mmol/1 toluene solution of triphenylcarbonium system was allowed to react al 40° C. for 15 minutes. After 

letrakis(pentafluorophenyl)borate (Ph 3 CB(C 6 r 5 ) 4 ) were the reaction, ethanol containing 2,6-di-t-butyl-p-cresol was 

added thereto in this order to perform polymerization at 40° added to cease lhe reaclioi]j and lhe solvem was remowd by 

C. tor 30 minutes. Further, 4.8 ml of toluene containing 300 5 j-.cjii_.j- i 

mg/1 of water, 0.1 ml of a 1 mol/1 toluene solution of cva P orall °" to g.ve modtfied po ybutadtene. The polymer- 

diethylaluminum chloride (DEAC), and 0.5 ml of a 5 mmol/1 lzatl0n resul,s are shown ln Tables 7 and 8 ' 
toluene solution of cobalt octylate (Co(Oct) 2 ), and the 

system was allowed to react at 40° C. for 30 minutes. After EXAMPLE 18 

the reaction, ethanol containing 2,6-di-t-butyl-p-cresol was 10 
added to cease the reaction, and the solvent was removed by 

evaporation to give modified polybuladiene. The polymer- Preparation of Modified Polybutadiene 

izalion results are shown in Tables 5 and 6. 

The same procedure of Example 17 was followed, except 
EXAMPLE 15 15 for changing the amount of hydrogen introduced to 125 ml 

Preparation of Modified Polybuladiene as measured at 20 ° C - «>d 1 atra - and additionally feeding 31 

g (50 ml) of 1 ,3-butadiene after the polymerization. The 
The same procedure of Example 1 4 was followed, except results of polymerization are shown in Tables 7 and 8. 
for changing the amount of hydrogen introduced to 140 ml 
as measured at 20° C. and 1 atm., adding 5 (A of water after 20 
polymerization in place of the water-containing (300 mg/1) 
toluene, and changing the amount of the toluene solution of 

DEAC to 0.3 ml. The results of polymerization are shown in Preparation of Modified Polybutadiene 

Tables 5 and 6. 

25 

EXAMPLE 16 The same procedure of Example 17 was followed, except 

for changing the amount of hydrogen introduced to 130 ml 
Preparation of Modified Polybutadiene as measured at 20° C. and 1 atm. and additionally feeding 62 

'ITie same procedure of Example 15 was followed, except n & 15 ( 10 ° mi > of U-butadiene after the polymerization. The 
for changing the amount of water added after polymerization results of polymerization are shown in Tables 7 and 8. 
to 8 [ft and changing the amount of the toluene solution of 

DEAC to 0.5 ml. The results of polymerization are shown in EXAMPLE 20 

Tables 5 and 6. 

SYNTHESIS EXAMPLE 4 35 Preparation of Modified Polybutadiene 

Preparation of Starting Polybutadiene Xhe same procedure of Example 17 was followed, except 
Into a 1.7-1 autoclave purged with nitrogen were charged for changing the amount of hydrogen introduced to 100 ml 
260 ml of cyclohexane and 140 ml of butadiene and stirred. 40 as measured at 20° C. and 1 atm. and changing the amounts 
To the mixture was added 5.4 jtd of water, followed by of the water-containing toluene solution, the DEAC toluene 
stirring for 30 minutes. Hydrogen gas was introduced into solution, and the cobalt octylate toluene solution to 4.2 ml, 
the autoclave in an amount of 100 ml as measured at 20° C. 0.1 ml, and 0.5 ml, respectively. The results of polymeriza- 
and 1 atm. with an integrating mass flow meter. Then 0.36 tion arc shown in Tables 7 and 8. 
ml of a 1 mol/1 toluene solution of triethylaluminum (TEA). 45 
After 3 minutes stirring, 0.5 ml of a 5 mmol/1 toluene 
solution of cyclopentadienylvanadium trichloride (CpVCl 3 ) 
and 1.5 ml of a 2.5 mmol/1 toluene solution of triphenyl- 
carbonium tetrakis(pentafluorophenyl)borate (Ph 3 CB(C 6 H 5 ) Preparation of Modified Polybutadiene 
4 ) were added thereto in this order to perform polymeriza- 50 

tion al 40° C. for 30 minutes. After the reaction, ethanol . rT ? , c „ . 

<> £. j- . l * 1 1 . * , , The same procedure ot Example 20 was followed, except 

containing 2,6-di-t-butvl-p-cresol was added to stop the r , ( r , , . . , . . ' - , 



EXAMPLE 21 



reaction, and the solvent was removed by evaporation to . . nc , „ , , . . . .. . „ „ 

give 42 g of polybutadiene. The physical properties of the 88 ™ asu ' '? U C ' a " d 1 atn ?' additionally feeding 31 

resulting polybutadiene are shown in Table 8. The resulting , 5 8 ( 50 m ? of l^-butadiene after the polymerization. The 

polybutadiene is regarded as a starting polybutadiene in results of polymerization are shown in Tables 7 and 8. 



for changing the amount of hydrogen introduced to 105 ml 



Examples 17 to 22. 

EXAMPLE 17 



EXAMPLE 22 



Preparation of Modified Polybutadiene 60 Preparation of Modified Polybutadiene 

Butadiene was polymerized in the same manner as in 

Synthesis Example 4 (40° C.x30 min), except for changing The same procedure of Example 20 was followed, except 

the amount of hydrogen introduced to 110 ml as measured for changing the amount of hydrogen introduced to 105 ml 

at 20° C. and 1 atm. To the reaction mixture were added 6 65 as measured al 20° C. and 1 atm. and additionally feeding 62 

jtfl of water, 1.0 ml of a 1 mol/1 toluene solution of diethy- g (100 ml) of 1,3-butadicnc after the polymerization. The 

laluminum chloride (DEAC), and 0.5 ml of a 5 mmol/1 results of polymerization are shown in Tables 7 and 8. 
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TABLE 1 





H 2 0 


DEAC 


Co(Ocl) 2 


Reaction 


Reaction 


Yield 




(mmol) 


(mmol) 


(//mol) 


Temp. (° C.) 


Time (min) 


(g) 


Example 1 


0.07 




10 


40 


10 


43 


Example 2 


0.14 




10 


40 


10 


44 


Example 3 


0.28 




10 


40 


10 


45 


Example 4 


0.56 




10 


40 


10 


44 


Example 5 


0.14 




10 


40 


5 


40 


Example 6 


0.28 




10 


40 


5 


42 


Example 7 


0.28 




10 


40 


15 


40 


Comparative 


0 


0 


0 


40 


10 


47 


Example 1 














Comparative 


0.28 


4 


0 


40 


10 


47 


Example 2 















TABLE 2 

Microstructure (%) CF 



cis trans 1,2- fo] Tcp ML lt4 Tcp7ML ll4 (mg/min) 



Syn. Ex. 1 


87.6 


1.3 


11.1 


2.30 


105.4 


35.1 


3.0 


28.2 


Ex. 1 


87.8 


0.8 


11.4 


2.31 


107.0 


40.8 


2.6 


14.7 


Ex. 2 


87.8 


0.9 


11.3 


2.25 


96.4 


40.5 


2.4 


14.9 


Ex.3 


87.6 


1.2 


11.2 


2.40 


118.7 


55.9 


2.1 


3.9 


Ex.4 


88.2 


1.3 


10.5 


2.03 


55.0 


50.6 


1.1 


1.7 


Ex. 5 


87.8 


0.9 


11.3 


2.21 


88.3 


37.7 


2.3 


17.6 


Ex. 6 


87.7 


1.0 


11.3 


2.38 


118.1 


48.5 


2.4 


9.5 


Ex. 7 


87.4 


1.4 


11.2 


2.08 


63.6 


37.5 


1.7 


11.1 


Comp. Ex. 1 


87.5 


1.0 


11.5 


2.38 


117.8 


37.8 


3.1 


24.1 


Comp. Ex. 2 


87.6 


1.1 


11.3 


2.53 


146.6 


42.4 


3.5 


17.6 



TABLE 3 



H 2 0 DEAC Co(Oct) 2 Reaction Reaction Yield 

(mmol) (mmol) («mol) Temp. (° C.) Time (min) (g) 



Ex. 8 


0.14 


2 


5 


40 


5 


42 


Ex. 9 


0.28 


2 


5 


40 


5 


47 


Ex. 10 


0.44 


2 


5 


40 


5 


49 


Ex. 11 


0.28 


1 


2.5 


40 


5 


40 


Comp. Ex. 3 


0 


0 


0 


40 


5 


45 



TABLE 4 



Microstriictuie {%) CF 





cis 


trans 


1,2- 


In] 


Tcp 


ML, +4 


Tcp/ML 1+tl 


(mg/min) 


Syn. Ex. 2 


87.6 


1.2 


11.2 


2.42 


126.0 


39.4 


3.2 


21.9 


Ex. 8 


87.8 


0.8 


11.4 


2.47 


134.2 


48.1 


2.8 


11.5 


Ex. 9 


87.9 


0.9 


11.2 


2.49 


138.6 


59.9 


2.3 


3.0 


Ex. 10 


87.9 


0.9 


11.2 


2.50 


139.9 


67.9 


2.1 


1.1 


Ex. 11 


87.8 


1.1 


11.1 


2.23 


90.9 


45.9 


2.0 


6.4 


Comp. Ex. 3 


87.7 


0.8 


11.5 


2.60 


158.3 


44.1 


3.6 


19.0 



TABLE 5 






H,0 


DEAC 


Co(Oct) 2 


Reaction 


Reaction 


Yield 




(ml) 


(ml) 


(mmol) 


fyimol) 


Temp. (° C.) 


Time (min) 


(g) 


Ex. 12 


115 


0.17 


0.2 


2.5 


40 


15 


43 


Ex. 13 


130 


0.39 


0.5 


2.5 


40 


15 


48 


Ex. 14 


110 


0.08 


0.1 


2.5 


40 


30 


39 


Ex. 15 


140 


0.28 


0.3 


2.5 


40 


30 


48 


Ex. 16 


140 


0.44 


0.5 


2.5 


40 


30 


43 
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TABLE 6 



Microslructure (%) CF 





cis 


trans 


1,2- 


m] 


Tcp 


ML 1+4 


Tcp/ML x+4 


(mg/min) 


Syn. Ex. 3 


87.8 


1.0 


11.2 


2.49 


138.0 


39.2 


3.5 


24.8 


Fx. 12 


88.3 


0.9 


10.8 


2.30 


103.9 


50.6 


2.1 


5.5 


Ex. 13 


88.1 


1.2 


10.7 


2.10 


68.6 


34.8 


2.0 


17.9 


Ex. 14 


87.3 


1.3 


11.4 


2.36 


115.5 


38.5 


3.0 


21.8 


Ex. 15 


88.0 


1.0 


n.o 


2.31 


106.6 


45.3 


2.4 


9.9 


Ex. 16 


87.6 


1.2 


11.2 


2.16 


78.3 


37.2 


2.1 


15.9 



TABLE 7 



Additional 

H 2 Monomer H 2 0 DEAC Co(Oct) 2 Reaction Yield 
(ml) (g) (mmol) (mmol) (//mol) Time (min) (g) 



Ex. 17 110 0 0.33 1.0 2.5 15 46 

Ex. 18 125 31 0.33 1.0 2.5 15 50 

Ex. 19 130 62 0.33 1.0 2.5 15 59 

Ex. 20 100 0 0.07 0.1 2.5 15 48 

Ex.21 105 31 0.07 0.1 2.5 15 50 

Ex. 22 105 62 0.07 0.1 2.5 15 53 



TABLE 8 



Microslructure (%) CF 





cis 


trans 


1,2- 


hi 


Tcp 


ML 1+4 


Tcp/ML l+4 


(mg/min) 


Syn. Ex. 4 


87.8 


1.0 


11.2 


2.14 


74.4 


26.1 


2.9 


59.3 


Ex. 17 


88.7 


0.9 


10.4 


2.25 


95.3 


39.7 


2.4 


15.3 


Ex. 18 


89.7 


1.0 


9.3 


2.06 


61.5 


35.2 


1.7 


15.0 


Ex. 19 


91.0 


1.0 


8.0 


2.35 


113.2 


58.1 


1.9 


2.7 


Ex. 20 


88.2 


0.9 


10.9 


2.22 


89.8 


38.6 


2.3 


16.1 


Ex. 21 


89.1 


1.0 


9.9 


2.24 


92.3 


38.9 


2.4 


16.1 


Ex. 22 


90.2 


1.0 


8.8 


2.30 


104.5 


47.5 


2.2 


7.7 



As is apparent from the foregoing Examples, the modified 
polybutadiene according to the present invention has a 
reduced linearity and improved cold flow properties as 
compared with the starting highly linear polybutadiene 
while retaining the microstructure of the starting polybuta- 
diene having a high cis- 1,4-structurc with a moderate 
proportion of a 1,2-structurc. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 

What is claimed is: 

1. A process for producing modified polybutadiene com- 
prising preparing starting polybutadiene having a Tcp/ 
ML 1+4 ratio of 2.5 or more, wherein Tcp is a 5% toluene 
solution viscosity at 25° C, and ML 1+4 is a Mooney 
viscosity at 100° C, by using a polymerization catalyst 
system comprising (A) a metallocene type complex of a 
transition metal and (B) at least one of (Bl) an ionic 
compound composed of a non-coordinating anion and a 
cation and (B2) an aluminoxanc and modifying said starting 
polybutadiene by addition of a transition metal catalyst. 

2. The process for producing modified polybutadiene 
according to claim 1, wherein an additional amount of a 



butadiene monomer is added before or after the addition of 

40 said transition metal catalyst. 

3. The process for producing modified polybutadiene 
according to claim 1, wherein said transition metal catalyst 
comprises (1) a cobalt compound, (2) an organoaluminum 
compound, and (3) water. 

45 4. A process for producing modified polybutadiene com- 
prising preparing starting polybutadiene having a Tcp/ 
ML 1+lV ratio of 2.5 or more, wherein Tcp is a 5% toluene 
solution viscosity at 25° C, and ML 1+4 is a Mooney 
viscosity at 100° C, by using a polymerization catalyst 

50 system comprising (A) a metallocene type complex of a 
transition metal, (Bl) an ionic compound composed of a 
non-coordinating anion and a cation, (C) an organomctallic 
compound of an clement of the group 1 to 3 of the Periodic 
Table, and (D) water and modifying said starting polybuta- 

55 diene by addition of a transition metal catalyst. 

5. The process for producing modified polybutadiene 
according to claim 4, wherein an additional amount of a 
butadiene monomer is added before or after the addition of 
said transition metal catalyst. 

60 6. The process for producing modified polybutadiene 
according to claim 4, wherein said transition metal catalyst 
comprises (1) a cobalt compound, (2) an organoaluminum 
compound, and (3) water. 

***** 
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(54) MSI^EfqeH 3! 


0|£| ais^s 



Tcp/ML, +4 b|(Tcp: 25°CO||Aj 5% #^ g£. MI_i +4 : 100°C0i|A] ^q 2.50|^e §!S ^£| 



oiq. 

M£l^q.qeil^ iH2S ^£9 §tf¥£ 1.4 ?|X|<r.4-^3S>2F glJH^ §tf¥i 1.2 ?jX[(1.2- 

=?£):>> £Xh±H gOi! SESfe DJ0I3S 2iq. 1.4-?3S^ Al^(cis) ?3£2f ^£H^(tran 

#£l¥Efqeij2! D^0|3S?5^ A[g£|^ glT^DHOII fffSf ^ElQ3 8^X121:2. QE □f0|3^?ZE## 

. gX\ d§^0| MBI¥EfC|°«8 LfldfeS . m^g^ S! Sm&g (impact resi I i ence) 0| 

q. IH£Xh2J ^Xf Tcp/ML, +4 S UE|^ 4= Si^cH. 01 71 M Tcp^ 25 o C0i|Ai 5% m^<& ^ S £0| 

3. ML, +4 ^ 100'COIIAi ^LJ"S£0|Q. Tcp^ ge» (thick -sol ut ion) Oil Aj gXJS] ^|j§£f qqLfJOI. 

Tcp/ML, +4 £| B\J\ ^?|£(degree of branching)?} *fO r X|0A| ^ §£0| ^Ofr£jq. 

s ^gX^e ¥<y VHS XII 9-291108011 .5HA|gl Hm§2] OllfirSti! (metal locene)g *jmtts. §y 

ai«H?l^ sOI^JH o^oi^o^ oi^Oi^l 0| OTf§ §J/SEb ^¥DI^(aluminoxane)# tf^^b § 
& ^DH# A^o^OI 1. 2 2 A|^-/X| E^^-?5f ^ ^ ^m^M ^ 

2?3 mbi^eiel qoioi eoiisi g^oi ?icH£ixiy. uin^ en °M(coid fiow)nH^oii. a>¥^ e 
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^0\\ °10\Mx= X-ISOIU 4^£S if&OI fi?9Cf. 

°J£ x\ 5-5240Boii m^n §1^21 ^isht^. ^i^dits mmm si trsai tr« ¥oi^ 

^25 0|^Oi£j ^If^DHSJ ^XHB^OilAi g°J] qoyg g^u^. gJ^S 5fe lfl|^J2f ?m*j^2| 0ll±EJ|5 

2J S^WO!. ^?l^3Se 3=>£r qo«SI «|3E&a0| ^HA|£lOi2ia. 

iJ^ 8-208751011^ msqg ^dh# oie^ °S oj° q°yjl^# gsii^l Mis x-iBJe! 

5ioi ^ah si ie smouM ^£ismb 2101 jhaieich 2m. 

Btsoi oimjjxi mtr ji^zi mxii 
Ef^£ UEimb gej^Eiqey S! 0121 ^is^Si Hlgsife £0iq. 

^ !*S£ 30| =^0H2| EXHmOil/H Tcp/ML 1+4 U\{0\J\M. Tcpb 25°CO||Ai 5% M^Vl ^ §£0|3. 
ML !+4 ^ ioo°coiiAi ^q §£0|q)^h 2.50|^e_i #£|^qqoiis &g*\o\ £Oi£] i£l¥£fqeiii 

£ ^g? £M2J £2 Mai^q-qoyg M^o\y\ m& SMI2I (1) g] (2)2J 1§§ «l5^q: 

(D s 013^21 misses ^m&mw si hi uh^^ goi£2t o rof ^o^ oi^chs oj £g mmmw) Si 

^¥0|^>4(B2) § ™0}^ 5m(B)f ^DH^|# Ol^mOj -2.50|^£| Tcp/ML I+4 U1# ^ P£| 

(2) S0|^£| Dill^^S *mHJ^(A). blbH^^ ~0|g^ ot 0 |£o^ oi^CH^j 0|£g S*tfM(B1). ^ 
?IMH 1-3^ £j22J Slt^P(C) °! ^(0)e ^OH^IS 0|gofO| 2.50|^2J Tcp/ML, +4 ui 

e arte £!S #£|^qqeilM fll£o*te ^3 Si 30|^ ^ohm -pf^oi pq^qq°Ji§ 23 



¥ m^o\\M M^m ^ gs Ma^qqoj^ 1.2-^2*^^01 4-30%. h^^o^i^ 5-25%. q mm 

518^1— 7-15%: A|^-i.4-?2*f^0| 65-95%. Uf^'o^lte 70-95%. q H^^S^f^ 70-92%: S! ^ 
^-1.4-?^4^^0| 5%0|oK b^3fSMIb 4.5%0|oK q HH^oPllte 0.5-4%# gi^q. 

e«0| 3£HH^(praft) . D\7m %S>\ y§^0| ^ &3JX| &q. Pliq^K ^^Wl A^H^ i§g§ i 

^Si ^lEIOi m^'^m SI DHm^!^2J 21^011 

8!S #£|^qqeL»Hj S^el] S£(Tcp)2| 100r0l|Ai §£(ML i+4 )£| U|. Tcp/ML l+4 b 2.50!^. ti\ 

^^'6MI^ 3-50|q. 

pq^qqeii^ e^eil g^l S£(Tcp)^^ 25-600. u^sje^lb 60-30og?i si ioo o coiiAj ^q §s 

(ML I+4 )^J 10-200. Ufir^oP!^ 25~100o| gcqa ^tof b|^5J^q. 

Msi¥qqeii2j engre § 3o°coiiai m^g 0.1-10. ^si 1-301 301 

sjshP. fiE|^E|3-«^ 4 ?Xjg (Mn)0| 0.2 x 10 5 -10x 10 5 . B\m^o\D\\^ 0.5x10 5 -5x 

io 5 oi3. m^- ^x^(Mw)oi o.5xio 5 -20xio 5 . un^mzHib ixio 5 -ioxio 5 oiq. b^5|^ ^xm 

^5 (Mw/Mn)7h 1.50|«T. H^^|6^|fe 1.6-10. q ^\^^\o\?\\~ 1 .8-501 q. 

MBi^qqojis o<i#Ms. 301^^2] miirs^!^ ^mtie(A) si yiHH^i^ goi'sat g/ai^ss 01 

= 0i5! 01^^ ^^M(B) S!/££b ^fai^og 01^012 ^QH^I2| ^ZBSjoilAi ^qqojig f^2^ 
££Ef. ^S pBI¥qqeL'^ 3 0| ^^2] ^lfM(A). H|«H?I^ MOIS^f gfoi^o^ 01^0151 

m% h m(sn, ^y\ms. -[-3^ ^i^^ §mt(c) si ^(o># &^s^ ^dh^iisi ^xhsjoiiai 

£«( A )o| 30|^^o| tHI^^g ^fa^iS 4^ 2 0| ^^(0J| g 10 . E|& Si X|^^^).:5^ 30|^^ 
(0j]«2 . UW§, Lt^M EE^ &^). 6^ 30|g^(01ieM3. 3§) Si 8^ ^ Q| ^^(0j| M#3 . 3W§ 
SE^ HW)2t ^ ^IMH 4-8^ 301^^21 mi ihSilig ^mtt## Stf^q. CpTiCI 9 (Cp:A|pSl!qq 

ony)£ 4^ .2oj^^ Diiirsiyg *im^^2| 011^ eJSi 4= 2iq. 

^o|. 5^ 3 01^2] Qi|^S<Mlg SfSH||§ oPIOll qqtH (1)~(6)S 5 A| si Iffif s^^ ^}0| ^ 

(1) RM ♦ Lg 

(2) R n MX 2 -n : L 3 

(3) R n MX 3 ^ • L. 

(4) RMX 3 -L 3 



12-2 



12-2 



^2001-0111018 

(5) RM(0)X 2 • U 

(6) R n MX 3 - n (NR ) 

{^?\ ^gOllAi 1 2; §y 0. 1 SE^ 2# UEhtHP.) 

&y\2\ m&m moi\M rm • u. rmx 3 - i a sy RM(o)x 2 -i_ a oi bn**mq. 

x|2*@ AI^^SJ qqOf|y?|. Ejaiy?i SI xl^S H^sai sP|01| A] xl^^l^ DDI. OiH' . H^Si. 

OldbH^H. n-^^. 0|£¥9. sec-^i!. i~^m S! ^lAflg &m^^l £E±r ^X]±H 

§ X|g^ : Hiiy r Ml(tolyl). L}5| SI E*5J4^;>|: SI M BI (HI i/£J H 2f 

^e ff^tt^ &m^±J\m ^IQ^K xishsi Ai^^iqqoiiy^]^ qmig^g. qtHigtHjg^i. 

u\\mmm<M2}. Qn\^\mm. onigy se^ *ie^ onggu^ mm xsi ai^ 

^qqoiiy gf 3^ 5ie s^gjq. 

qquiDl. ^>1U q#^£ 2m. 

xi ±m Xl^m &3f4^l: nuy . fi. qsg si "Liuioi- ee SI ^eitHISAI^ ^ 

e t?4^-^ B^^^IM St^t^q. 0| M §01|Ai H^3J5| Dj|g. atj^ oj e£| q|| &j4y g 0t| @ 01 q. 

S^API^ Dll^AI, OJI^AI. EII^AI. 5^=A(. ^=A| . OHJ^AI. *]^AL ^H^A|. 2-0J|^^]^^A| 
SI qSDII^AIS Slf^Q. 

otu\±j\m o\\m^ qmmotDii^. qoii^o^niic. qoi^H^lOfai^ si u\±^z\mm^mo\n\±o\Q. 

X^ H^*joP1| ^4:@jXK §f2= ^]XK S^L ^JXL «M SW. WISPI. 0i|^^[. Di|^Al>|. 0)|^[^|. 

qmmojDi^^l. qoiino^aiin?! es^ oi^eEj^g^gohni^^ie qqyiq. 

le ¥01^ <g?\mmm. ^. s^oii «h?ii ^ ¥01^ qqm^ siy^ei ee^ ^j\m 

&mo\c\. ms^^m sixi &e srtiM^oi B^^js^q. oi&i°> sf^^e^i on§e ojieu^. oii^eii 
= . 3mjs . ohej . s^si. ^mmM m&m. mvm. qey. tiei ^ a^ioiq. 

NR ' rr 0|0|^]S U&KH . 0\?\M R l-25^H°j &^^X}# E^^i x|H.^|0|q. R'£J 0||^g [HI 

U . mU. . OliiHS!!. n-^a. Oj^^g. sec-Yl 1 . t-¥i. . ^y SI UIS?H^3| 1^ ^ 

iH§ xi «^ se^t ^xiiHS xi » ^ : ma. mm. uhi 1 . yig. l-miyoiiy , 2-mi 

.y-2-H^H. 2, 6- q oil un y SI 3,4-q Diiyoiy^ ^m^^^i: ^ ^uvm^mjl\ ^e 

mt>\. 5m 301^^ ojl^^g ^ShWMOilM RV-L b , RVX.L 9 . R 2 V.L a , RVX 2 .L a . R 2 VX-L a . RVX 3 -L a . 
RV.(0)X rUf^l. HfU§ <^1JM(M^V)0| d^3i§fCH, RV • L a , RVX 3 • L a . SI RV(Q)-X 2 • L a O| Xm HUT 

^I6}q. 

. RMXa'- L.S HflEI'fe SF&'gO||A| ^^si S p|S| m®m?\ ( i )-( x vi) m SSSIQ - 

(i) Aie^qqoiiyHfq^ ^y^^^oi^ si Dii^AiM^iEjqoiiy um§ e^^oih. oii^Aigk 
niiE^qojiy um§ ^ei^^oiH. A|#s=«Ejqoiiybm& ^Bi^saroiH si o{^h^^ai^ss] 
qqoiiybm§ 'ssiSsaioiH ^si e^(mpno)x|^si AigssiEfqoiiy'ymg ""e 215.^01 = . ■- 

(ii) . " i.2-q(dDRiss AigsaiEfqoiife! biLfg men^BioiH. otieeoi. (1.2 
-qtHI§Aie^5yqqony)um§ ^m^o\^. 

( ii a) 1 .3-qx|^sj A | iss qqoiiy u\u § ^^^^b|ois, oilS^oi , (i .3-qiHigA|^s?Liqqoiiy)ur 

(iii) -1.2"3-e2|S|ea ' A|.^saiEFqo||yumS .^£|^^efO|H. OlIgMOI. (1 P 2.3-^H| D||g A| SSgETq 

oiiy)Hiu§ MBig^ejoiH. 

(iv) 1,2.4-e£|xie@ All^Siqqoiiy umg ^£IM^£[0|H, oj|#gOi. (1 q\\^ AISMEjq 

(v) Eii^ei- AiM^iqqoiiy H[q§ ^bi^^biois. oiiM#oi. (U2 f 3.4-£i|Ee|ifli^A|#s?«Efq 

(vi) (?«qDiigA|^£?«Etqoiiy)bju§ M£lM^o|^£| ^e ?liq ai fssiEjq oil yum§ Mai 

(vii) S!qiyu»U§ ■EBliS'BJOIH. 

(vni) (2-tfl|i!o|G||y)um§ ^Bl^^etOI^ ejciiyHtus Mae^BioiH. 
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(ix) S^H ( i )~(vifi)0||A1 1 -3^H ^ S^glJPt % y ^A\J\^. ^. SicS^AKDIH. qg*^A r 0|S MBjg^ 

oih) si Ai^saiEjqoiiyumg qmi^Aigseiois ^sj nmm. 

(x) Sr&g ( i )-(ix)oiiAi gii^f wipis mmw. 

(xi) (t-^gofo|£)q[Hig^g( a 5 -A|^ME 1 iqqoiiy)bi-u§ c\m^\o\ss\ r §y x?t E*sr4^?l 

(xiii) mmm (xosi sixksoi gf^Apis xi^g srtm. 

(xiv) SftjM (xiii)2| ™±&X\?\ OillOl^ Xieg £±tM^£r0|H 

(xv) Slt^M (i)-(viii)2| g^£UK§)0| OfDjS?!^ xl^S A| Ejqoil ti ^(qoflg OhDJ b^qg 

S! A|^^?yqqoi|y E£j^( 0 j^H^lomiH)bm§ m^M- 

rm(o)x 2 £] =nm^ oiigg o\j\9] (*vi o-txx)^ m&wm ser&Q. 

(xvii) ehi ^A|^s?jjqq oil y^umi q^^efoin. mHAi^ssLiqqoHy^umg PtsafoiE a! 
(i.3-qDi|gAiM^Ejqoiiy)^^bm§ qgssrOis AiM^Siqqoiiy ^ibmg qgseroiH S! 
xi^s A|#SE»Etqony^^umg q s^BfoiH. #7|2| mt^oiiAi S^gjX[(M)oi dh§pkm)s x|& 

(xviii) R °j X? r 0 r 0|£^^0|H a0| &5r4^7| ££^ 467121 ^ttS OllSfe 
(t-^gOhD|s)qDJig^^(a 5 -Aie^?Liqqoi|y)^4:bmM Msa r 0|H?i °jq. £P]oj sutgoii^ g^g 

x>(e)oi dhs?km)£ xms\o\ aumm^ m&m^ s^q. 

(xix) A|#^?yqqoijy^^bm§ qcni^AtoiH s! AiMSSjEiqoijy ^ium§ q(oi^HM^A r oiH)2r 
aoi x § *ich£ mq;>r ^^apisj t\mm- ^\^\ gmAK>iH aretesi eine^^oi^ 

(xx) (Aie^qqoi|y)b|^(qoiiaomi£)^^bm§^ ^oi x^j oid|£?|oj 

bh^I^ Moieoii^ g|EEfmiyaeiio|E. EH|E£ K M¥£^miy)saio!E. Ei|ee^r^(q#^s^niiy)^e{| 

OjE. EHEBf?|^.(e2|ss 2S]Ii ,y) ee j, 0 | E||e£[3[i:(El|e^=^SSJU|y)aaiO|e oj q| ^(^1 

q#¥ssmiy)saioieg hs&q. 

oj OI sof|i= groi^. s^fe groi^, ^01^.. s^s^ g*oi^. AiMtyyj^eiojiy °joi^ 

SI 30|^M EJfror^ Kil ^0|^ (ferrocenium cation)^ StJ^Q. 

^t^H ^0|^oj Oj]ee eElIHiy^lSs ^01^2} §£| x|^-si 3>fSfe gfOISS ^ (Dl| y 

^oi^oj oiiee tni^^es ^01^, MBioiigyefe ^01^. eejH^sgisfe ^01^. ibi 
¥^^es .g/oi^ si E^( n - ¥ ^t) o^oi^ =^ ^ejof^o^- ^oi^#: N.N-qoiigo^y ei 
h gfoi^ N.N-qoiiiiohy£|^ ^01^ N.N-q^iofyeiM gfo|s^ : qoi^H^s^a^ g 

015^ qii°JSH 2>*oi^##. sgofq. 

s^Sb gfdf'gsi oj|#^ ^£|iiiiy s^sfe ^01^2^ ^Bio^s^a^ ^oiee# s^^lk 

¥fismy)agioie.. N.N-q.pii&otWBi& eii ^ £ ^ | (nu ^ p = £ ^miy ) aai 01 ^ °i i.i'-qaiiesiis^ 
Eiie£^i^(siq#¥ssmiy)saioi^7i Bi^^oiq. gi^^ 5i^.i§e 2^ 01^ 

^ (B)^A-] -8t.?a|^# (B2)^ H?l^¥0|^ mtlMOl ^t^AJ|2| s^*jo) -gois m^g^. (- 
.AItR')0-) n S H§£j^ b|Sfg(acy.cI ic) ^OJ^ SI £l-g(cyclic) ^^D|^<s}# SUgtP. ^712j . 

4= 2i3: ng 5 0|£>, bh^5jS^|^ 10 0|^2| UEffcHq. R'b UHt^SMI -fe DJlg. 

onn, 5£^ o|^^^7|# qquioi, UVM?\J\ H^^is^q. ^^Dj^^oj m ^ §§g. Afgp ^ gi 

^ ^7I-^¥OIh 0I|^ MBItHl^^^dl^, MBlOli^^^OlH §J 0| d^^g ^^D| ^ °i 3 SI g • 

l^M ^ei^¥0lH iHT^e str^q. M£(DHy^^ D |- dj esi^go^oi-oj -^y m 

7jg2| g^f^ (adsorbed water) qg(diol)# A\g%> 4= oiQ. 

^ WSOUM , ^qqo^io, g^s ^ - (A) s 1 (B)01| ^^|gfi 1-3^ &?\^ m%m (Of 5&AIU3J2I 
^HsrOJI 4= 2iq. (C)^ ^DH^ISJ gil^^g gCHm^Ql S5^0|q. 1-3^ g^SJ 

^^I^^DIh m^M^. ^^IBje 5[^i§. ^^IDflJUl^ mt^##. ^3M0r2 Ifil 
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£g (c)sAi f?7i=^ mmm°\ mm^.^ mmvim. ^nem. n^^m. u\±^B\v\\m*£Mmw bii, q 

^^□HILil^. qtn^omUl^, q0HgO[g!. ee|p]|ggf«o|fe. egjom^sQj - _ M£|0|^ilg^D|fe. 

§± MBlg^sqoiH si SBiniiyg^ oiq. 

>l|CPf. 0j|^D[3Li|^ m^Z\0\±. qtHI^^^Olfe gS£*0|S. C|01!g^¥0|s MEMS. All^l 
(sesqui)Oiig^¥D|s ^SqOjH Si 0||ij°^n|^ qMSEt0|H2t tfg 2^ ITS^g; P Oil g ^ 

^oife ^isi^ si ^i^^ioiiy ^ ¥D j - ^±mmi\ &a g^r 4^ajgoi cos ^ 

7|2| $?7|g^ mmmm^ 2g 0|^2| 3E1JOS j^gg °iq. 

^mxit (a) rmx 3 . "oiis Aiessnqqoiiybhqg e^^oin (c P vci 3 ) s£± rm(o)x 2 . oiis Ai^ssyq 
qouy^^em^ q^setois (c P v(0)ci 2 ). (B) Meimiy^sM EH^£^i^(?iiq^^s^iy)a£]|oi m 

Si (C) m£]01|^a h ¥Dls^ ^£ e £[ ov^«o^D| ^o !f - o^xj^q. 

0|££ S^eoi £g (B)S 0| g§ S^. £P|oj o^ D |^a|0| StfOilAJ £g (C)S /|§I ^ £jq. 

^DH 3^2] H|^ q^ 3S2j SI £tJ0!j tt[£f ^5f£|^X|EI. £g (B)2J ^¥D|^^2} £g (A)2] Oil^S 
dJ§ ^5HfM2] bf^^jEi MHI (B)/(A)-b 1-100.000. HUfSjSpllfe 10-10. 000; £^ (B)£J- (A)S 
0|££ S^MSj UHf^'.Hl s H] (B)/(A)fe 0.1-10. HUf^lWllb 0.5-5: 3^ (C)2| £^ (A)2| bUJ*]^ 

gut. (C)/(A)^ 0.1-10.000. un**ispilfc 10-1 .ooooi q. 

^OHTIPI £^ (D)S If q S^of^ ^!0| df^ofCf. £g (C)2f 3^ (0)2] eui. (C)/(D)^ 0.66-5. 
U^x|§^|^ 0.7-1.50|q. 

^□H ££^2] ^J\£M^ Taiafsjojxi &q. 

^ soil qat. StMl ^xfgr 51i SisH ^XHl? 4= Siq. ^^2j ^xui*£ bH^spilfe ^qqen 

1§§ 500mmol 0|8K q b^^iSPIIb- 50mmol 0|§hO|>tq. 20°C . 1 7|2J0||A1 bH**J6Pl|±r ^E}qoil 1§g 

i2*oim. q BH^m?ti£r i.2iOimoiq. 

^w^akm 301^ mwm %?mo\ e^ai^pi soil g^g^ ^qey2j se^ §7n? 
^ &q. S^OiiAi ^7| ^dh^^M2| B&MS ^qqeil stoj SEfe^qqei! £^ni g^2j a 

^ 2iq. ^E^qeii e^Di ee^ ^qqeii e^q g^2| ^s ? si s^ioiiAi 

£1^ 301^^ ^DH2J 3 £E^ ^oil S^^iq. 

StDi£ ^Ehqoys qs st^ioj M^m ^ 2£q. ^o\\ M^m ^ 91= q# Hi 

□1^2j oiie° oi^H^j. 1.3-aiqqey. 2-011^-1. 3-^qqoy. 2.3-qDii^^Efqeii. . 4-mi 

gniiqqoii oj 2.4-*»JAjqey ^2| gQlj (conjugated) qe»: 011^^1. ^^1-1 . ^-2. OI^^El. 

Si&n-1 ,4-Di|^2Li^i-l . oj sc4|-i ^oj u|^§ Si#aiE: A|^S?l!a!. Al^S^iilj SI i£tH 

(norbornene) ^2| shg Ht^^iej: ^qey Si a-Dil^^q^t g£j B|ysHf^: °| qAI^S^iq 

q2«. si i.5-«]AfqeL'2| b|goH qgeyge s^ehQ. 

gtr^ge ^o| «|^£| ai g^g^, ^3§t eoi ^jgi ^ 2ich. ^g^ojiA-i. 1,3-^qq 

eyoi §tr ^ohs ^is^q. g^^t^oii %mm^ si^y s! ^i>^ n-aj 

¥&. Si ?LI&2] X| AIMS?lj& SJ AlMSt^oj x| ^^£1 (al Icycl i c) 

T-^^l S? 2-^£LI2j mvm?\\ n|Li|^ ^H|B|E( spiri t) . a DH LfHEf S! ^1IS<M 

(kerosine)^2| gDH^ Si Dj| g ^1 ^SqO|H2] ^S2!jmEI BS^iii S^^q. 

^ S^Soiiai s^Dii #DH2| ^xnmoi| 4i§ £soi|A| o]|u| gwmb 5!o| H^3j^q. oi|o| smf S 

y\n\g mm. mm. ^£i£i Aitssq. oiiyigtfo^ zimm -g 

^1^ ^£1^' ^ ^^£ISMt£H s §1^011 Olg^jq. 

st^^ 0H,^SPI^ -100-200°C. q dH,^o|7ii^ -50-120°C0i|Ai 2^-12A|ei. q b)[^^3^|^ 5^-6 A] ^ 

gel oi^oiSQK 

mm ygoi ^§2] gtibis oi^qs ^. 3.01^^ ^dh^j ji^xf xiioim ^^ai^pi ?ian yg^ioii ^ 
7^iq. 

£ M*S0M A^m 1 ^ 2 01^ ^DH^ (D S0|^^ SUfi. (2) «7| ^?D|fe 5}^ 

m Si (3) K 01^012 Til 01 q. 

2ois^ ^DH2j 201^^ sitipg q& xis^fe mmm^. bm§ toi§, a§ ^tr^e. 

^tref. ° mt^MS Si. ojg ^^ii§ 3°J§ sf^^^oi bH^afq. 

^sa^oiE. hsdioi^. uoi^eiiois. 3^.s . ^^aioi^. 31^^ qHEtiLiiois 

(naphthenate) , bHA|Ei|0|e (versatate). 0m|61|0|E SI ^SU|0|M7| £{q. 

oilMSfe B|^OM1lg0UilSU|0|£3^e. E£f o^|g 0UifSU|0| . B|^(0i|g- 0MI£ 

OMilS)^^^. §^0115^1 ^£|^^S^:£I W £19 =fs SI H|S^ sfs E2j 

3^^2|. ^71271 Si ^S2L'5f& 3^^o| oilgg^ €0| 2iq. 

^7|2| 3gm SH,^0i|Xi bJif^isf s^aioie. q^E1}U|0| e . tHA|£l|0|E, 

U|^0U1|^0U1|SL1|0|S^^M SI ^£|^OM1I^OMifSmo|e S Bhe 0 |q. . 

3oi^^ mwsn ^^i°^oi^ ifi§§ e£|D]|go^ D| fe> EEioii^^oife. saoi^^g^Dife. ^ 

M£|^^^¥Dlfe. ^£|C||4'^¥0|^ E3\ M£1^^'^¥DIh: qoiig^^Dlfe ^S 

^oi^. qDiiyw^ois M^ofOjH. qoii^^^oife ^sqoi^. qoii^g^oj^ ^sdfoih, qoi|^°^ 
oife ofoi^qoiH. c^iifDife ^sqoiH. q¥i^?Dj§ ^sofois. q^§gi¥D|fe o^isqoi 
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— . Oil^^^Dlfe AH^eSBrOIH. OilUg^Dlfe Ai|^?| «Sn f 0|E ^ ^^^¥D|h 

M: Qgs^oiH. OHUg^ois qM^ohoiH. onggr^ais qM^£rO|E. oiitjg^Di^ 

PM^DfOIE. ¥i^¥D|^ CIMSBJOfH. ^I'^fOI^ qHSrJ r 0|E ^JL\ Ifg Sing^ gi^QI ff^ 

aterw i^e aoi^ mmmz\ m?mB ssi^ ^?i£oii cnei y ^ s^ichi ai cf^zi ^ oio 

CN. #Bi¥£^cje« IMS unjsiWilb i xio" 7 -ixio"\oi, q uibz|*PII^ 5x 10~ ? -1 x I0" 4 nol0|q. 

AjgElb H^I^^DIh §?r^8 £jSr£f S5|S0|| C£[£f k3B g?101|Ai qgfSlfi! 4 s SJ^Bf . HUT 

*ioPi|^ £2 uhso|| EXH*^ ¥E}qe« IXlO^-SxIO" 2 !*!. q H\m^ 5^1^ SxlO^-lxIfAolOiq. 

^° S'Srfe g?l£0|| C£^f ojo^oj ojo^ Afggq. §j7f^£ «3|8WD|te 1nolg 1.5raolO|SK q 

u^^ofJii^ imoioiefoiq. 

g®0| ±% AlZie^ ^t32 ^, g*M3r ye^^|Xj|(inhibitor)^F §X|.A|?p| 9|SH &§aiou 

S^r^Q- H So r qS . §t^(polymeri zat ion tank)Lfi^ ^ ^ ^ ^ CHS 2£ g£]^E|qeil^ 

All^l. 2 53§ §5] °nq. 

^ ^Sdl =£J^qqeU^ 30| UK B^^SMI^ 0.9-3. q H r ^*'3Pll^ 1.2-2.52J Tcp/HL, +4 H| 

2£ MSI¥Ejqoys. HUfSiSPil^ 30-300. q UHJ^SPIIfe 45-200SJ Tcpg 91Q • 2£ =B|^qq 

ey& 10-200. huhsisph^ 25-10051 ml, +4 (ioo°c)m sra £jq. ea^qqeo^ HUfsiswife 2o™ g 

/minO|oj. q HrU^ o^l = 15mg/mi nD| °}2\ fE f^(CF)S ^^q. 

^ ^A|oi|^ q x\A\m ^ ^goi opioil ^01^:2 OjoWAi^ 2!&Q- 

^qqeysj Dfoiss ?5. n^^Sfn]. (Tcp) . ^L] §e(ml (+4 . ioo°c) §y IE 

& ©pi 21 ^§sf«a. 

Mq^qqeLI^I 0 r 0|^ ^j£td a^^^gOj|A] At^-l .4-^5^ 740cm" 1 . .4-^5^ 

967cm" 1 §y 1.2-=?3E(0|y)e 910cm" 1 0J|A| d| ^ ^f^Q. 

2) 2^S£[ri] 

m^Vl M£t>\0\ 30°C0)|A1 ^§£|£iq. 

3) Tcp 

2.28ge mm^l 50me0i| ^oHo^. #^oy gojj 25°C0\\M 3>Ht 01^1 S £511 (Canon Fenske 

viscometer) No.400o^ ^§6fSP. S^o^ Z2S§ 5^0" (J IS Z8809)# AfgmSP. 

4) ML, +4 . 100'C 
JIS K63000JI ^n\0\ 

5) CF 

§H ^^(CF;mg/min)8 50*C0ilAl S^si IBOmnHgoj g/^xf^ Uj§ 6.4mri2J 0|gB r O1 

10^eeJ 3^X r 2| 10^o S L}-0i ^§§[«q,. 

IW^OII 1] 

§m M£l^qq?Li^ Xjfi • 

1 .1 & ss^aioi « ^la^ra. 260m£ °j -^qq ?ji " i40m£# -^^i nymsq. BIT 

#011 ^ S^fSrH 30^§oh _^tjm£q. 20°C. l^l^OiUi ^^^1^1 90m£gie ^ |'gl§;| 

(integrating mass flow meter)S ^§o r 0i S£^ai0i«0l| ^2JSf«q. MBJ CHI ^ g*.^D| s(TEA) 1mol/£ 

2] § = oy flo_H o.36m£S §;f5fSQ. 3^=o h jnym * ¥ Aie^?liqqoi|y ym§ ^Bi^^BfoiH 

(CpVCI. 3 )2| 5mmof/£ 2J §^ 0.4m£ M£lIi1|y?PS^ Ej| ^ A (?liqg¥£^21l y 0| ^ 

(Ph 3 CB(e 6 F5)j2| 2.5mmol/,g2i M^^i soh 1.2m£# §^[e r ^2. 40'COlUf 30^^ok 4^6 r 

sq. y§ 2.6-q-t-^^- P -3aie# t, h ^m^ cii&ge *PFS r oi yi§ S^IAi^i^a. n §dhs g 
^ai?i xiiTiSfoi 40g2j MBi^qq^jM 22jq. t,^6ii isj. MBi^qqeU^ #a|oji 1-7 °j biinoji 1-221 
§js MSi^qq^o^ ^?e!Q. ^ois 3^x r 2j «ej ^? h 2oii qquisiq. 

<4»aioii 1> 

^qqeOf 1(40 8 CX30^)5| «^o^ §^6rSq. y§ B^^Oll 300 B g/££| e# 1,^61 

^ e^oy 4.2m£. qO||Sa h .#DlH ^^B|0| E(DEAC)2| 1 no!/ £ 2j l^g^ 4m£ ^ ?\\0\^ 
(Co(0ct) 2 )S| 5mmol/i2I 2m£# %?[o\H. 40'COjlAi 10^^°h . gAJS q. ^. 2.6-q-t- 

^a-p-3aiee s^m^ oii^ee %?mo) y§§ saiai^ih. 3 §oh# ^^ai?i xii>imoi 22 pbi 

^qqpiie ^2»q. St> H 1 2 oil qqmaq. . 
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<£A|0|| 2> 

aS MSI^EmeitS] *||3E: 

^. SWflfe ^ Iff? M¥2LK300ig/ J g)e 8.4nrf^ atMI3?lb *|2|*Kafc ^A|0t| Of =°!Sh 

xu^msq. §t a^ufe s i si 2011 qqmsq. 

<±JA|0|| 3> 

aS #B|^E|qeLI£J X1I2£: 

etr mimt: m m^msoom/iDm u\&o\o\. 5^21 mm %j\t>\~ urn *jaioii i 

3* §?J^ y JS2g M^\9iQ. it S 1 Si 2011 qqiflSjq. 

<^A|d| 4> 

aS S£l¥Efq^o| xii^: 

^. my\o\^ m m& s^eyooong/ns ai^moi. 10^21 mm %yms= am Ms\m^it: ^aioii 

13f u o^°5 JJISStSQ. St* IJIb fi 1 SI 20|| UEKHSiq. 

<*JA|0|| 5> 

aS SB|^Etq°H2| 

^. as y§ 5^ amAi^i >ig aiaisnafe *Mioti 221 ^^og xjiasmsq. 

mm Safe H 1 51 20i| qqqfsiq. 
<*1A|0|| 6> 

£tf aS y§ A|^# 5^o^ amAl^l Xi|2JS^^ ^A|0j| 3^ =SJSh Hgo£ IjI56F2q. 

l^fe H 1 Si 2011 UE1LH2JQ. 

<^A|011 7> 

aS #£|¥EFqeL'S| fl|3S: ■ 

§tf ^. as ae ai^m 15^°^ am Am ^§ xiisisna^ ^aioii 3^ egi^ *n^sq. 

mm H 1 SI 2011 I4ERMSQ. 

<U|H0|| 1> 

=si^qqoii£] 

^e\c\o^m wsoii 121 fgai «^(40*cx30^) §tmsq. qe 3i2j S^Sioi. log 

Xl^msiq(3*l| mmM?}: 40g). IBfb H 1 Si 2011 qqm&q. 

<H| IS011 2> 

mm ^ SW§ ^^51101 eg §7^1X1 oh- >i f ^1121 oFJl^. *JA|0l| 131 §8|& ^^£2 
H 1 SI 20fl qqiH&q. 

[t^SOll 2] 

SIS #B|^Efqoil21 . 

1-74 SS^aiQIM °i# xlE^ia. A|^*»£h 26Gnrf °) ^Efq°il 140m€# laysfoiq- 

#011 m st&m s^w-a 3o^=ei inamaa.. 2o-c- i^isoiiAi ^juii 95mme ^ igoi;ig ^ 

§m01 SM^B1|01«01| '^°JmSq. 3 Us ^£|0IIidgr^Q|£(T£A)2| 1mol/*2| S^eil g°H 0.36m£M § 

.^msq. 3^^pj ? Ai^^siqqoiiybm§ e£|^^oih(Cpvci 3 )2J Smnioj/asj §™ 

0:42m£ Si esi'nilU^JMte E|| Eej?| ^(?liqM^2^miy)sai01 ^ (Ph 3 CB(C 6 F 5 )4)2i z.Smol/J 2| ■ 

1.25ra«M IPfoHl, §t^5E 40'C0||A] 30g^°! ^mSP- 2 ,6-q-t-^g -p-3£ll 

mm £ h #sfe m^mm.^mo\ as§ sXiAi?in, 3 goHe e^Ai5q *ii?moi 41 021 Mai^qq^e 
°J°jq. wsoii 22j Mai^Epq^i-^ aioii. 8-11 si uj.aoil 3e| ^£IY£tqey«s Zt^P, 

<^A|01| 8> 

as M£|.¥Efq2«2J . 

¥EfCieil# t^SOII 2(40 B Cx30g)3J §gJ^ gfg2£ fl^SlSq. ae ^t^MOll 300rag/^2J ## 

~ W^V} 8.4m«. qoi|go^ ¥D | - eS5JO|H(0EAC)2| .1«o!/ J g2| 1^2Hg°« 2m5 Si ^^y|0|E 

(Co(0ct) 2 )2| 5mmol/£2j p^oyggH g^^OJ. 40°C0l|A| 5^§of a^AISq. a€ ^. 2.6-q- 

t-^y-p-^ai^e u^mb oiie## 's^skm a^# "s^iai?i3. n §dhi ^^ai?i xi\?it\o\ as # 

Bl^qqcHie ojohq. . aafg a 3 si 4011 UEfLHaq. 

<^A|0jl 9> 

aS MBj^EjqeLI21 

s^^fe m s^eooooig/i )e 5^ a^At^ib «i2jo^^ ^aioii 8 21 esi^ 
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^3 25 xn^msQ. mm 5 3 si m\ uEHH&q. 

<*JA|0l| 10> 

22 M£I^E[qoiiS{ aiis: 

mm ^. gimt: m m^vimom/ nm w ms. &mM?\^ M\m\nt=- *jaioii #sj*j 
sass xesfSQ. §s h 3 si 4011 qqmsq. 

<±JA|0l| 11> 

22 #£|^E[q^l^J 

g OHHS^CIIh gSS*0|H(DEAC)£| g^^l ^ Mg*M ^aiO| M(Co(0CT) 2 )2j M¥2!] g^j^l 

^ SI 0.5mg^ 2StA|?|^ XilSlo^b ^A|0|| 921 =gJ«! gfgog fl|£ft}&Ct. §t|2J 

13^ 2 3 SI 4011 14E|LH£CK 

<d|I30}| 3> 

#£l^Efqol|£J X||3E: 

^^qoye tr^oil 2sf =§J© g>^(40"cx 30^)0^ f^sfsq. q= ^hj g^aoi. ^mm 5^ 
xi^s*21QO*ll g&Aiy: 35^). §lt i^f^ H 3 si 4011 qqmaq. 

3] 

gjS =£|^EfqeiJoj 

«ofi II 5/^# s^oi-n 30^e£> isymsq. 2or . i^i^oiiai loomegfg s»g Si^M^fs ^ 

§5h0l SmgaiOl «^01] ^^imaq. D. a§ M5J0]|iJg^n|fe(TEA)2{ 1 mo I / 4 2J M¥2L' 0.36m£M 

iwmsq. 3^^oh 3 bi^f Ai^s=yEjqoiiyHm§ es|^^ 0 iH(CpVCi 3 )2j 5mmoi/4 2j g^ey ^ 

oh 0.5m£ SI ^£JE1|y?^s EI!ESJ?|;M£!qM¥£^niiy)£21|0|e (Ph 3 CB(C s F 5 ) 4 )2J 2.5mmol/ 4 2J s^oy 
§^ 1.5m«g ^tf££ 40°C0i|A1 30^^ ^ m ^^q. «Jf 2.6-Q-t-^g-p-3i£|| 

mm % y &m~ otmmm &?mp\ y§§ sxiai?ih. n gnHe g«Mi?i ximmoi 4o g £j M^^Q^im 
^aa. ^ois 31^^21 m^^ 2ij^ 2 6011 uehh^q. mgoi\ 32] S2i¥EiqoHg ^aioii 12-162] 
SIS M£I^EfqeLio^ 2i^H.hq. 

<4 l A10|| 12> 

20°C. U|°J0I|A1 4^2] §^Hf# 115m^ 2mA|?fe 2ie *i|2|3t:i2fe i*20j| 3^ ggJS^ i9£ 

^ fto[2Q. B^^OII 300ng/*21 ## ?f^3Ffe #^°J! lOnrf. q0)|i!8^D|fe «StO|H(DEAC) 

2| 1»ol/4 2J e^eHe^j 0.2m* SI 5i|iJ"J= £||0| <^(Co(0ct) 2 ) 2j 5mmol/£2| #^^'§^1 0.5m£g %J\o\ 

oi 40°co]|Ai 15^^^ 2)§e}«cf. *, 2.6-q-t-^ii-p-3eiiWM ou&mm %?\mo\ y§ 

e SXIAI^IJI. a gDH'M g^A|^ Jcll^SFO! 22 #£f¥qq°Li# ^SP. S 5 gJ 60f| Uef 

LH2iq. 

<^A|0|| 13> 

22 MEl^E}qeyoj 

gtt ^. 20°C. 19|2iO||Ai ^§^J ^^^HF# 130m^ 2^Aj?|H. M (300fig/ ^ ) # CH^m 

0| 7^2] iPhofJl. DEAC2J g = oy sqho| o.5m£^ 5iM ^121^12^ ^A|01|. 12£h = 

^'et Aii^maHol . §m 12^ H 5 SI 6011 qqiH^q. 

•<^A|011 14> 

22 MBl^E^q.eO^ ^15: 

1 - 7 jg S£^£110|S y§ §4:^ xiemiQ. Mm^.m& 260m^ SI ^Eiqoii ^40m^m Mil u^Bfsiq. Sti h 
#0)1 e ^^^1^2 30^^^ H^SQ. 20-C. 1>|2J01|Ai ^^^1^1 I10m^^# 5}^ ^ 

§6^01 SmMaiO! w.^Oil ^of2P. 3 Cf§ Ma|01|^^^D|fe.(TEA)o) lmol/4-oj" g^SLI g^l 0.36m^S 
§?hSFSP- 3^^o| 12.2^ ■A|g.S5«"ErP'.flliyHm§ ^£|#S^0|S(CpVCI 3 )2J 5mmol/i £| : l^oH g 
oh 0.5m£ S! MeiHiy^k Eiie^Ji^CttyEfM^S^IHiy )Sai0|M (Ph 3 CB(CBF 5 y 4 )2| 2.5mmpl/£2j 

1 .5m§ s^js^, mm^s. 4o°coiiai 30^ ee} ^mm ^o\°m. 3\\c\y\. m 3oo rag /^ m ^&o\^ 

(Co(0ct) 2 )2| Smmol/.^ 2j ^ ¥ oy gon o.5m£§ §^l§h^ 40*e01|Al 30^°* «^SJSq. ^§ ^ t 2.6-Q- 

t-^m-P-3.$\wm ^xm^ oiimmm ^^^iqi y§§ §xiai?[h t □ §oh# g^Ai^i ^i^oioi 22 m 

^^e\Qonm §H H 5 S! 6011 aqLH^q. 

<4'A|0j| 15> 

22 Mei¥qq°J^ ^115: 

§^ ^. 20°C, UI^OilAl ^SS ^4:^^1^M 140m£S 2SfA|?|^, M tf« M#°il (300i»g/ & ) # CHdoh 
Oi 5/*££J ^^lo^. DEAC21 M¥2LI ^> f M 0.3m£^ 2mA)5l^ 3# 4'A|0|l 1421 §?J 

or ^l3SmSHBl. §ET 2 5 S! 6011 qqLH?jq. 
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<*JA|0|| 16> 

s*m mm mim^i. deacsi m^<& g^sj o.5m«s £mAi?i^ aiswafe ^aioii 

152} = g|^ HI2ofS°D1. §tt a 5 SI 6011 UEHJISQ. 

1.7^SS^£110IM *|^SHa. AIM^sii^ 260m£ °! ¥&fqoil 140ntf# SIH iiySiSQ- BlJ 

mm m 5.4/^e 3ose£> a^aci. 2ot. m\qo\\m ^71*11 :oo^m i^o§;^ 

^Smoi ££g2||0|i=i^6|| ^gjmSQ- H a§ ^B|0||gB^n|fe(TEA)2j 1 mo 1/4 moji sqh 0.36m£ 
§ g^mSO- 3^§°} 2=l, A|^^2lEfP0t|y btUg ^£|^£}0|S(CpVCI 3 )2| 5mmol/£ °J g^oy 

g°» 0.5m£ SI MMyinSis E1|e£^|^(?LIE|M¥2^IHiy)Ma|0|E (PhgCBCCgFg)^^ 2.5mnio I / I 2J §f 

°J 1 .5m£# ^^^mH. §tt^£ 40*C0i|Al 30^^ StTM *. 2,6-q-t-^^-p-3 

fiiieg t^^^r 01|&§M %J\o\0\ yff S7:iA|3|52. 3 gDHS e^ h A|^ HITimOl 42g2| M£J^E|qoi| 

e 22jq. gcH^I Mei^qqey^j Ma^l H 8chi qqmsq. 2oi*i sei^Etqoye ^'aioji 

17-222] g£|¥E}qoyo^ 2}2£&Ck. 

<£JAiai i7> 

2£ M£I^BfqeLI£J X||3E: 

^qqoye 20°C. UI^OIlAi 4*^37tSF@ 110m£S £S}A|?|£r JJlSjB^^ tf£0|| 4(40°Cx30 

^)^.e^Eh »B°£ ffSfSQ. £&m0\\ m q01|g^^0|^ «£}0| S(DEAC)^ Inol/jgSI 

#¥ aiisqH lm£ nj ^geHO|M(Co(0ct) 2 )£| 5/nmol/£ 2| g^^iggH 0 .5irtfM . 40°C0I|A| 15 

s^ei- ytsfsq. ^. 2.6-q-t-^g-p-3aise tf^mb oiieee spwoi yge sxiai^iil 
a gDHe *IWSK>| 22 psi^qqeye ^SQ. en lo}# s 7 ^ soil qqLHSiq. 

<^A|0|| 18> 

93 gB|^qq2!!£| 

20'C, UI^OllAl ^lPHf# 125m£^ ^S}A|?|b ^|2imJ2^ ^A|0|| 173} §01^ h^o^ 

Ai^msia. mm ^ 1.3-^qqey 3i g (50m*)g s^msq. et* h 7 ^ son qqm 

£q. 

<^A|pll 19> 

20°C. l^l^OllAi =S§ =£4^?HT# 130m£^ ^mA|5|^ 51^ ^l^lof^l^ ^A|0j| 17^ f^^ 
A|^ofS3. ^ ^ 1.3-^qqoy 62g(100m£)# ^^^o^ g^5[SQ. ^Jlf^ H 7 ^ 8 CHI U^LH 

<^A|0|| 20> 

3^ Mei^Eiqen°J xiis 

2b°c. ui^oiiai ^i^^urg loofn*^. m tf« s^euoooBg/^ ) g^. deac M^ey °j s 

<^A|01| 21> 

3^ MBI^Ejqoy.oj 

20°C. l^mCHIAj s§g 4^ii^^H> f # 105m£^ 0s»Al?|^l. ? 1.3-^E}qoij 31g(50m£)M 

^?\f>\~ -31 X-l|2|uU^ ^ A| Off 203} g^oFSQ- Stf §3}^ H 7 §^ 8 Oil 
. UEKH21Q. 

<4'A!0j| 22> - 

"^^ M£l¥qq?y2| WIS: 

20°C. UI^CHIAI 105m£^ ^mA|?|I2. gf|> ^^H^ 1.3-^qqoil 62g(100m«) 

§ §^lo^ ^§ Ail£im:2±r ^A|0|| 202f ii'e.f ygog gf^msq. §U S 7 S! 8011 qqm 

Sq. 





H 2 0 


0EAC 


Co (0ct) 2 


^£ 


y§ A|^ 






(mmol) 


(mmo I ) 


( ummo 1 ) 


CO 


(^) 


(9) 


*JA|0|| 1 j 
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10 


40 


10 


43 


^AjOJI 2 


0,14 
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10 


40 


10 


44 
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gAIOII 3 


0.28 


4 


TO 


40 


10 


45 


±JA|01| 4 


0.56 


4 


10 


40 


10 


44 


M*\o\\ 5 


0.14 


4 


10 


40 


5 


40 


^A|01l 6 


0.28 


4 


10 


40 


5 


42 


^A|0|| 7 


0.28 


4 


10 


40 


15 


40 


H| BOII 1 


0 


0 


0 


40 


10 


47 


B|20|| 2 


0.28 


4 


0 


40 


10 


47 



[M 2] 





□ P0|3sL ^3£(%) 


Ea] 


Tcp 


ML 1+4 


Tcp/ML| + 4 


CF 
(rag/min) 


A| ^ 




K2- 




ifgoii l 


87.6 


1.3 


11 .1 


2.30 


105.4 


35.1 


3.0 


28.2 


*U|0|| 1 


87.8 


0.8 


11.4 


2.31 


107.0 


40.8 


2.6 


14.7 


^A|0|| 2 


87.8 


0.9 


11 .3 


2.25 


96.4 


40.5 


2.4 


14.9 


4 r A|0j| 3 


87.6 


1.2 


11 .2 


2.40 


118.7 


55.9 


2.1 


3.9 


£4 Q| 4 


88.2 


1.3 


10.5 


2.03 


55.0 


50.6 


1.1 


1.7 


£JA|0|| 5 


87.8 


0.9 


11 .3 


2.21 


88.3 


37.7 


2.3 


17.6 


^AIOJI 6 


87.7 


1.0 


11 .3 


2.38 


118.1 


48.5 


2.4 


9.5 


^AIOII 7 


87.4 


1.4 


11 .2 


2.08 


63.6 


37.5 


117 


11.1 


hi noil 1 


87.5 


1.0 


11 .5 • 


2.38 


117.8 


37.8 


3.1 


24.1 - 


. hi noil 2 


87.6 


1.1 


11 .3 


2.53 


146.6 


42.4 


.3.5 


. 17.6 
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H 2 0 

(mmol ) 


OEAC 
(mmol) 


Co(0ct) 2 
(umol ) 


C"C) 


&m aiz! 


(g) 


£M|0|| 8 


0.14 


2 


5 


40 


5 


42 


^A|01| 9 


0.28 


2 


.5 


40 


5 


47 


*jA|OH 10 


0 r 44 


2 


5 


40 


5 


49 


M.AIOII 11 


0.28 


1 


.2.5 


40 


5 


40 .. 


amoij 3 


0 


0 


0 


40 


5 


,45 


rs 4] 






[flJ 


Tcp 




Tcp/MLi~q 


CF .' . 
(mg/min) 


A| 




1.2- 


If £ Oil 2 ' 


87.6 


1.2 


11.2 


2 r 42 


126 t 0 


39.4 


3.2 


21 ,9 . 


^A|0|| 8 


87.8 


0,8 


11 .4 


2.47 


134.2 


48.1 


■ 2.8 


11.5 


^AIOII 9 


87.9 


0.9 


11.2 


2.49 


138.6 


59.9 


2.3 


3.0 


, 4'AIOtl 10 


87 ,9 


0.9 


11.2. 


2.50 


139.9 


67.9 


2.1 




4'AIOII 11 


87.8 


1.1 


11.1 


2.23 


90.9 


45.9 


2.0 


6.4 


miaou 3 


87.7 


0.8 


11 .5 


2.60 


158.3 


44.1 


3.6 


19.0 
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H 2 


H 2 0 


DEAC 


Co(0ct) 2 




^gAie* 








(mmol ) 


(mmol) 


(umol) 


CO 


(^) 


(g) 


4'AIOll 12 


115 


0.17 


0.2 


2.5 


40 


15 


43 



12-10 



12-10 



^2001-0111018 



£JA|0|| 13 


130 


i °* 39 


0.5 


2.5 


40 


15 


48 


^A]0|| 14 


110 


0.08 


0.1 


2.5 


40 


30 


39 


HMO\\ 15 


140 


0.28 


0.3 


2.5 


40 


30 


48 


±JA|0|[ 16 


140 


0.44 . 


0.5 


2.5 


40 


30 


43 






□|0|3S ?3£(%) 


[ 


n] 


Tcp 


WL, +4 


Tcp/ML, +4 


CF 
(mg/min) 


. A\± 


E2|jA 


1.2- 




3 


87.8 


1.0 


11.2 


2.49 


138.0 


39.2 


3.5 


24.8 


±JA|Of| 12 


88.3 


0.9 


10.8 


2.30 


103.9 


50.6 


2.1 


5.5 


£JA|0|| 13 


88.1 


1.2 


10.7 


2.10 


68.6 


34.8 " 


2.0 


17.9 


^AIOII 14 


87.3 


1.3 


11 .4 


2.36 


115.5 


38.5 


3.0 


21.8 


*JA|0i| 15 


88.0 


1.0 


11 .0 


2.31 


106.6 


45.3 


2.4 


9.9 


^A|0|| 16 


87.6 


1.2 


11.2 


2.16 


78.3 


37.2 


2.:1 


15.9 


fM 7] 




H 2 

(mi) 




H 2 0 

(mmol ) 


OEAC 
(mmol ) 


Co(0ct) 2 
(umo 1 ) 


y^Aiei 
(^) 


(g) 


^A|Ol! 17 


110 


0 


0.33 


1 .0 


2.5 


15 ■ 


46 


^AIOII 18 


125 


31 


0.33 


1.0 . 


2.5 


15 


50 


^A|0}| 19 


130 


62 


0.33 


1 .0 


2.5 


15 


59 


*JA| OI! 20 


100 ! 


0 


0.07 


0.1 


. 2.5 


15 


48 


^AjOll 21 


105 


31 


0.07 


0.1 


2.5 


15 


50 


^A|OJ| 22 


105 


62 


0.07 


0.1 


2.5 


15 


53 


[& 8] 








in) 


Tcp 


ML l+4 ' • 


Tcp/Ml_i +4 


CF 
(mg/min) 


Al^ 


EE Sjj ^ 


L2- 


tj^oii -4 


87.8 


1.0 


11.2 


2.14 


74.4 


26.1 


2:9 


59.3 • 


^ X| Oil 17 


88.7 


0.9 


10.4 


2.25 


95.3 


39.7 


2.4 


15-3 


•^AIOII 18 


89.7 


1.0 


9.3 


2.06 


61.5 


35.2 


. 1.7 


15.0 


4'AIOJI 19 


91 .0 


1.0 


8.0 


2.35 


113.2 


58.1 


1-9 


2.7 


4'AfOll 20 


88.2 


0.9 


10.9 . 


2.22 


89.8 


38.6 


2.3 . 


16.1 


*)A|0|| 21 


89.1 


1.0 


9.9 


2.24 


92.3 . 


38.9 


2.4 . 


16.1 


^AiOII 22. 


90.2 


1.0 


.. 8 -8 


2.30 


104.5 


47.5 


2,2 


7.7 



0Aj >d§^°J X}o\ °i i£ 51^1^ .5*2 

§tl (spirit) 51 S ? (scope) ^¥E.1%Oiy 3301 0fL|O}. S^0t°| AUfgdMI ^§8 Q§ 

01 q. 
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2.50|^SJ Tcp/ML, +4 U|(Tcp: 2 5 °C Oil A] 5% 1^2] ML, +4 : 100°COi|Aj ^L| =£J 

2 

o|gmoi Hiss ^ojg sgo^mb gsi^qoy. 

3 

XII 1^011 SlOiAI. £PI 30|^^ ^DH^h 3i§ S^^O) . f^lg^ls S^P(2) SI ^(3)# *^o^ 
§ 5 

XII If^OJI 910] Aj. PB|^qqoil2] 25°C0||Ai 5% ^¥20 g^J^I S£(Tcp)2f looroiiM g£ 

(ml 1+4) £J b|(Tcp/MU 4 PI- 30imgJg ^2S5fb 23 #£J¥qqey. 

XII £>0|>H, 2£ MSI^qqoijoj o^ 0 j 2 0ng/min _n|EI8Jg ^§££5}^ £3 MBI¥Efqo«. 

20|^°J D||&Sd)§ *f3ttfs(A). §J d|BH?l^ e0|8^ gfOJ^o^ 0|#01£! 0|££ mtJ#(B1) ^ 
¥□1^(82) § ^01£ sm(B)f 8 D ^^^ SjOH2l# Olg^Oj 25°C0i|Ai 5% g^j S£(Tcp)2| 100 

'COM ^L|*!£(ML, +4 )2| H| (Tcp/MU 4 p|- 2.50|^°l §|S MSI^qq^# X||^o^ : SI 

#Bl.^qqo«o| ^j^Hh^ . 
i! =?» 8 

Xil 7&0II £«CH/M . 301^ mm°\ mil S SE^ ^011 ^qqoy sjbcCHS ^ 37t*t^ q 

Xil 7^0)1 SJOUi. ^|©| 301^^ mt^s(l). ^I^¥0|fe S|Hf(2) ^ M(3)e SWH 

. 3# ^§'£5oie 32 #ei¥E[qeusi xiis^a. 
10 

..aoi^£] mius-eys ^mtsmw. hiuh?i^ soi^i gfoi£°^ oi^oj^j oi^s si^pcbi) . 

ifl 1-3^ g^2| ^?l^ sffKO S! P(0)e W-Ro^ ^DH^IIS 0|gsKM 25°CO\\M 5% 
S£(Tcp)2f 100 o C0i|Ai ^US£ (ML )+4 )£J U| (Tcp/ML, +4 ) ?\ 2.50|^ffl S S pej.¥qq^l# XilSoKb SS: 
01 

11 

X1| lOmroil 910\M. £7\2\ 30|^^ ^DH^J 3 ^0|| ^Ejqe«S| 2 ^ CHS- ^\ ^?\?>\^ 

12 

xii ioaoii -aoiAi. ^,^121 soi.g^ ^dh^ (D m^M. (2) ^^igr^ois wi si (3) *j 
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